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OBSERVATIONS  ON  THE  FLOW  OF  RIVERS   IN  THE   VICINITY 
OF  NEW  YORK  CITY. 


By  H.  A.  Pressey. 


INTRODUCTION. 

One  of  the  chief  resources  of  the  IJnitcHl  States  is  its  wat4>r  supply. 
The  prominent  industrial  position  of  s«»voral  Statos  is  due*  largely  to 
the  abundance  of  their  available  water.  It  has  n^MMitly  Ikmmi  stated 
that  "the  preeminent  pasition  of  the  Stat4!*  of  Now  York  is  <luo  almost 
entirely  to  her  ^reat  natural  resour(*es;"  that  "her  inland  rivei-s,  with 
their  great  water  powers,  have  been  in  the  past  and  will  f'ontinue  to 
be  in  the  future  a  perpetual  source  of  wealth,"  and  that  "the  history 
of  the  Stater's  progress  durinji;  the  ninote<^nth  (»enturv  is  hirj^tdy  a 
history  of  the  development  of  her  water  r4\sources."  These  remarks 
apply  quite  as  aptly  to  some  of  the  New  Enjjrhmd  States,  as  they 
could  not  have  held  the  front  rank  in  the  industrial  world  for  so  many 
years  were  it  not  for  the  very  extensive  utilization  of  thi*  majrnilieent 
waterfalls  of  that  region.  In  the  Southern  Atlaiitie  States  the  great 
developments  during  the  last  few  yeai*s  are  due  largely  to  the  develop- 
ment and  utilization  of  water  powers. 

There  is  not  a  State  along  the  Atlantic  coast,  except  Delaware*,  that 
<lw.s  not  contain  water  powers,  develope<l  an<i  undeveloped,  and,  con- 
trary to  the  opinion  of  many,  there  never  was  a  decach*  in  the  history 
of  our  country  when  the  development  of  water  power  mad(*  such 
strides  as  during  the  last  tc»n  years.  According  to  the  returns  of  the 
Twelfth  United  States  C/ensus  th(^  in<'rease  in  the  utilization  of  water 
power  in  the  Unite<l  States  in  the  ten  ye^ai-s  from  jsiid  to  llK>Owas 
about  fio  percent,  or 472,361  horsi^power.  In  some  States  t  his  increase 
was  remarkable,  as,  for  instance,  in  Maine,  where  in  tlu^  hist  decjKle 
the  developed  power  increased  OO  per  cent. 

The  importance  of  our  water  powers  as  a  souree  of  wealt  li  can  hardly 
be  overestimated.  This  power  is  not  confined,  howevei-,  to  th(»  East- 
ern States,  for  in  the  great  Central  Northw(\st,  on  tln^  Pacific  slope, 
and  elsewhere  there  are  water  powers  of  gri^at  size  aiul  value,  many 
of  which  form  the  basis  of  the  industrial  life  of  large  communities. 
In  the  broad,  flat  plains  of  the  United  States  west  of  the  Mississippi 
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the  rivera  are  valuable  from  another  standpoint.  In  this  region  the 
streams  commonly  lack  the  fall  required  for  power  development,  but 
here  the  water  supply  is,  i>erhaps,  more  vital  to  the  life  of  the  region 
than  in  the  coastal  States.  Great  areas  of  land  depend  for  water 
largely  upon  the  rivers  in  their  vicinity  and  upon  artificial  means  for 
raising  and  distributing  it  over  their  soils.  Without  water  there  can 
be  no  life  in  this  region;  with  water,  vast  areas  can  be  reclaimed  as 
agricultural  land  of  great  fertility. 

In  most  parts  of  the  country  the  public  water  supply  of  the  cities 
and  towns  must  be  derived  from  the  rivers.  Large  sums  are  expended 
every  year  in  conducting  water  from  the  streams  to  the  centers  of 
population.  Before  this  money  is  expended  it  is  of  the  greatest 
importance  to  know  that  there  is  sufficient  water  at  all  times  for  the 
use  of  the  town.  Too  often  have  great  hydraulic  works  been  built 
before  proper  investigation  has  been  made  of  the  flow  of  a  stream, 
and  great  financial  loss  has  resulted. 

It  is  to  furnish  information  upon  which  to  base  estimates  of  avail- 
able water  supply  that  the  Hydrographic  Division  of  the  United 
States  Geological  Survey  has  been,  during  the  last  fourteen  years,  col- 
lecting data  in  regard  to  the  flow  of  rivers  in  the  United  States,  and 
their  variation  from  season  to  season  and  throughout  a  series  of  years. 
The  necessity  for  such  data  is  frequently  brought  to  the  attention  of  the 
engineer,  sometimes  in  a  most  startling  manner.  The  lack  of  this 
information  frequently  h^ads  to  the  most  disastrous  mistakes  in  the 
construction  of  hydraulic  works.  One  of  the  best  examples  of  this 
in  the  design  of  a  hydraulic  plant  was  the  construction  of  a  dam  and 
water-power  plant  at  Austin,  Tex.  After  an  expenditure  of  11,600,000 
it  was  found  that  a  grave  mistake  had  been  made  in  the  estimate  of 
the  low-wat^er  flow.  The  works  were  constructed  by  the  city  in  accord- 
ance with  a  vote  of  tlie  citizens  of  Austin  in  1890.  It  was  estimated 
that  14,000  horsepower  could  be  developed,  and  the  i)eople  felt  that 
their  city  was  to  become  a  great  manufacturing  center.  No  hydro- 
graphic  data  had  been  collected,  except  from  the  hazy  memory  of  the 
*' oldest  inhabitant."  In  the  spring  of  1890  a  measurement  of  flow 
giving  1,000  cubic  feet  per  second  was  taken  as  the  minimum.  This 
estimate  was  more  than  five  times  too  great,  as  was  shown  by  subse- 
quent measurements.  An  error  of  500  per  cent  had  teen  m^ide  in 
the  estimate,  but  this  was  not  ascertained  until  the  works  were  nearly 
completed. 

Mistakes  of  this  kind  have  occurred  in  every  part  of  the  country 
in  hydraulic  works.  The  Sweetwater  dam  in  California  in  a  good 
example  of  a  project  carried  through  on  insuflicient  data.  The 
daiii  was  built  after  a  series  of  wet  years  and  was  soon  after  filled 
to  overflowing,  so  that  increased  si)illways  were  constructed,  but 
since  that  time  the  water  in  the  reservoir  has  never  reached  an  eleva^ 
tion  near  the  crest  of  the  spillways,  and  during  most  of  the  time  there 
has  been  the  greatest  scarcity  of  water. 
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The  Bear  Valley  dam  is  a  more  marked  case,  as  the  reservoir  formed 
by  the  dam  has  been  practically  dry  for  several  years,  so  that  wells 
have  been  driven  in  the  bottom  of  it. 

The  Gila  Bend,  Arizona,  project  is  anothcM-  i»xaniple  of  the  oxiK>ndi- 
tureof  a  large  sum — 1900,000 — upon  iii8ufli(*ieiit  (lata,  and  Hul)soquent 
abandonment  of  the  scheme.  In  tliis  i)roj(»et  the  dam  was  carried 
away  before  its  completion,  but  had  it  l>een  couiplcted  the  scheme 
must  have  proved  a  financial  failure. 

Many  diversion  canal  projects  for  irrigation  have  Imhmi  either  par- 
tial or  complete  failures  on  account  of  Hliortajj^c^  of  water;  tliat  is, 
developments  have  been  made  far  beyond  the  <»apacity  of  tlie  st  ream. 

A  great  number  of  water-power  plants  have  been  construete*!  upon 
insufficient  data,  and  later,  auxiliary  steam  has  In^en  found  neces- 
sary. Allowance  was  not  made  in  the  original  estimates,  so  that  in  a 
number  of  instances  the  proje<»t  has  been  found  UTii)rotit  able.  Knowl- 
of  the  flood  flow  is  also  of  great  importance  in  designing  tlie  <lauis  and 
waste  ways. 

Frequently  the  cause  of  such  errors  is  a  (^onii)l(*te  ignoran(*e  of  the 
hydrographic  conditions  in  the  drainage  basin  of  tbt^  strt^ani  an<l 
often  of  the  region  in  which  the  str(»ani  is  located.  In  a  few  eases  no 
adequate  efforts  have  been  made  to  obtain  information;  pc^rluips  a 
single  measurement  may  have  b«»<»n  mach^  at  a  time  when  a  local  res- 
ident informed  the  investigator  that  tlu^  ''river  is  now  as  low  as  it 
ever  gets."  In  order  t-o  test  the  accuracy  of  sueli  metliods,  the  writer 
has  often  asked  old  inhabitants  on  tlie  banks  of  tlie  river  as  to  the 
variation  in  the  river  height,  and  has  Immmi  informed  that  'Mt  is  now 
at  its  lowest  stage;"  or,  that  "it  never  falls  more  than  2  or  :]  inches 
below  its  present  height."  At  a  later  visit  to  the  stream  in  th(»  same 
season  the  river  surface  has  been  found  to  Ix*  at  an  <devation  2  or  3 
feet  below  its  previous  stage.  The  word  of  tlu^  oldcsst  inhabitant  is 
sometimes  fairly  reliable  as  to  high  water,  but.  his  information  as  to 
low-water  stages  should  l)e  carefully  (dieekcMl,  and  tli(»  fact  that  a 
nunil)er  of  the  inhabitants  say  that  the  river  nev<M'  goes  Iowcm*  is  not 
sufficient  evidence  upon  which  to  construct  hydraulic  works. 

Rainfall  data  are  often  usc^d  in  discussing  the  variation  of  flow  of 
a  stream,  and  numerous  th(M»ries  and  formulas  are  applied  to  show 
that  the  flow  can  never  fall  Ixdow  a  certain  amount,  these  th<M>ries  to 
1k»  sa<lly  shaken  later,  when  m(»asurements  are  made  aini  th(»  facts 
ascertained.  In  a  few  cas<'s  great ei-  weiglit  has  i)een  given  to  these 
theories  than  to  actual  measurem(Mits,  even  though  the  measurements 
were  made  by  a  careful  and  r^^liable  <»ngineei'.  The  measurcMnents 
were  lower,  perhaps,  than  theory  would  suggest,  and  therefore  the 
measurements  must  be  wrong. 

In  studying  the  flow  of  a  stream  every  possible  source  of  informa- 
tion should  be  utilized — ev«*n  tbe  ideas  of  the  ohlest  inhabitants — but 
to  most  engineers  it  is  very  reassuring  to  know  that  acXAxaV  mi^^a^wt^ 
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ments  of  the  discharge  have  been  made  and  are  available  for  use.  If 
measurementi)  of  the  Htream  under  consideration  have  not  been  made, 
then  resulte  obtained  from  measurements  of  rivers  in  the  immediate 
vicinity  can  be  used  to  advantage,  care  being  taken  that  the  hydro- 
graphic,  topographic,  geologic,  and  forest  conditions  in  the  two  basins 
are  similar. 

As  an  example  of  the  difficulties  under  which  a  prospective  investor 
labors,  there  are  now  before  the  writc^r  reports  upon  a  certain  stieun 
in  New  York  State  made  by  five  different  engineers,  all  of  good 
stranding,  in  which  estimates  of  the  minimum  fiow  of  the  stream 
under  consideration  vary  from  0.20  to  0.40  cubic  foot  per  second  yet 
square  mile;  that  is,  the  minimum  flow  given  by  one  engineer  is  just 
twice  that  given  by  another.  As  the  development  of  a  water  power  is 
limited  largely  by  the  low-wat<»r  flow,  the  uncertainties  arising  from 
such  divergent  opinions  are  apparent.  Since  these  reports  were 
made  (11)00-1901)  the  flow  of  this  stream  has  been  measured,  and  the 
lowest  estimate  made  by  the  engineers  has  been  shown  to  be  at  least 
100  per  cent  too  great.  In  estimates  of  this  kind  facts  are  needed— 
that  is,  actual  measui'ements  of  discharge. 

No  further  discuasion  is  probablj'^  necessary  to  convince  most 
thinking  people  that  the  measurement  of  the  larger  streams  of  the 
United  States  is  an  important  undertaking,  and  that  capital  will  be 
invested  in  power  developments,  irrigation,  sanitary  and  other 
hydraulic  works  more  freely  when  information  as  to  the  flow  of  the 
streams  is  available. 

In  making  measurements  of  streams  it  is  of  course  desirable  that 
rapid  and  economical  methods  be  used,  if  such  are  of  sufficient  accu- 
racy. Methods  of  stream  measurements  have  been  discussed  in 
Water-Supply  Paper  No.  50,  and  it  is  not  the  purpose  of  this  pai)er  to 
deal  with  that  question  extensively,  but  rather  to  point  out  certain 
facts  (U^'eloped,  during  the  last  few  months,  by  measurements  of 
streams  in  the  southern  part  of  New  York  Statue,  with  the  idea  that 
some  of  the  data  obtained  from  these  measurements  may  be  useful  in 
studjing  tlie  flow  of  other  streams  and  may  assist  in  the  selection  of 
methods  that  will  expedite  tlie  work  and  yet  give  results  sufficiently 
accurat<^  for  all  practical  puriK)se8. 

In  considering  Ihe  future  denmnds  of  the  city  of  New  York  for 
water  several  additional  sources  of  supply  have  been  suggested:  Hou- 
satonic  River,  Tenmile  River,  Wallkill  River,  Rondout-  Creek,  Esopus 
Creek,  and  Catskill  Creek,  the  Hudson  River  or  some  of  its  upper 
tributaries.  Lake  Geoi-ge,  Lake  Champlain,  and  the  Great  Lakes, 
'^rhe  tliree  last-named  sources  have  been  discussed  in  print  somewhat 
extensively «  and  will  not  be  taken  up  here.  It  has  been  found  that 
the  supply  from  Lake  George  would  not  be  adeciuat^;   that  Lake 
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Champlain  is  at  too  low  an  elevation  for  econoinic*al  use,  aiul  tliat  the 
supply  from  the  Great  Lakes  would  entail  ^ivat  and  unnoroKH^iry 
expense.  The  water  from  the  Hudson  River  iiii^ht  1h»  tak(»n  near  its 
headwaters  and  conducted  to  New  York  City  by  a  lon^  aquoduct,  or 
the  intake  might  be  located  just  abovo  Poujji:likoopsi«s  in  \vlii<*h  case 
the  water  would  have  to  be  pumped  from  llu*  river  and  liltcnMl  b<»fore 
delivery  to  the  city.  In  either  case  it  is  important  to  ivnow  the  dis- 
charge of  the  Hudson  at  various  seasons  of  tht^  y<»ar  to  dotrrmino  the 
quantity  available  and  also  the  effect  of  the  diversion  of  water  u|Mm 
the  r^men  of  the  river. 

The  United  States  Geological  Survey  has  for  s(»v<Mal  yc»ai*s  l)een 
measuring  the  daily  flow  of  streams  throughout  the  Tnited  States, 
theresult.8  of  these  measurements  InMiig  us<'d  for  different  purposes, 
including  irrigation,  water-power,  and  sanitary  const  met  ions. 

Measurements  of  flow  of  Schroon  River  at  Warrensburg  and  of  the 
Hudson  at  Fort  Edward  and  Mechanicville  have  becMi  made,  also  of 
the  Mohawk  and  its  chief  tributaries  at  various  points,  and  the  results 
of  these  have  been  published  in  the  annual  reports. 

The  measurement*  of  the  rivers  discussed  in  t  liis  paper  were  stiirteil 
at  the  suggestion  of  Mr.  Greorge  N.  Birdsall,  chief  engineer  Uurcau  of 
Water  Supply,  New  York  City,  in  order  that  data  niiglil  ])e  available 
for  investigations  as  to  additional  water  supply  for  New  York  (Uty. 
The  following  stations  were  established  by  Ww  Tnited  Slates  (Geo- 
logical Survey  during  the  summer  of  1901  and  have  been  maintained 
continuously  since  that  time. 

Oaging  stations  on  rivers  near  New  York  City, 


Streem. 


Tenmile  River  . . 
Housatonic  River 
CatakiU  Creek... 
Eflopus  Creek  .  . 
WalDrill  River  . 
Rondont  Creek . . 
Fiahkill  Creek... 


DruiiiHf^i^  iiroa— 


Location  uf  gaf^int^  Btation. 


Above         A1m)V4i    I    Ai»nvft 
ros^Tvoir.    stuti.m.     °i*^"^"- 


•SV/.  iiiili-s. 

•SV/.  mi  Irs. 

Sq.  milt's. 

Dover  Plains,  N.  Y 

'200 

11)5 

190 

Gaylordsville,  Conn 

1 .  Ot20 

1 ,  oeo 

j      1,580 

South  Cairo,  N.  Y 

lio 

'ir»o 

394 

Kingston.  N.Y.. 

24.> 

:il2 

417 

NewPaltz,N.Y. 

4r,4 

7:r) 

779 

Rosendale,  N.  Y 

1S4 

;u>r) 

"3(J9 

Glenham,  N.  Y 

ir,s 

ll>8 

204 

« Above  junction  with  Wallkill  Rivor. 

A  reconnaissance  of  each  of  these  streams  was  matle,  and  stations 
were  selected  at  x)oints  where  measurements  could  be  most  accurately 
naade,  and  as  far  as  practicable  at  points  where  it  was  thought  knowl- 
edge of  the  flow  would  be  most  desired  in  the  future  atvxOiy  ol  Wife^fe 
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watershedH  as  houfcoh  of  iiicrea8e<l  supply  for  New  York.  The  results 
of  the  observations  at  these  stations  have  been  published  in  the 
Water-Supply  Papers  of  the  Survey.  The  height  of  the  water  at  each 
station  has  been  noted  twice  each  day  by  a  local  observer  and  current- 
meter  measurements  have  been  made  at  frequent  int^irvals  by  a  hydrog- 
rapher.  From  these  meter  measurements  a  rating  curve  has  l)een 
drawn  for  each  station  which  shows  the  relation  between  the  lieightof 
the  water  in  the  river  and  the  discharge.  From  this  cui'\^e  and  the 
daily  mean  gage  heiglit  the  flow  of  the  river  for  each  day  in  the  year 
since  the  establishment  of  the  station  can  be  determined.  These  data 
will  \h5  of  the  gn*at/(»st  importance  to  the  engineers  selecting  the  source 
of  supply,  as  they  furnish  the  first  continuous  record  of  the  flow  of 
these  streams  and  give  a  basis  upon  which  to  compute  the  supply 
available  fnmi  each  stream,  which,  with  the  topographic  maps  of  the 
survey  and  the  (h^tailed  surveys  of  the  reservoir  sit<^s,  will  give  com- 
plete data  for  the  estimate  of  the  (piantity  of  water  that  can  be  fur- 
nished by  ea(*h  of  these  drainag(^  basins  and  of  the  relative  cost  per 
million  gallons  of  the  supply  from  each. 

In  addition  to  the  measurement  of  the  discharge,  determinations  of 
turbidity,  (Mjlor,  alkalinity,  and  hawlness  have  l)een  made  upon  each 
of  these  streams  and  are  now  iKMUg  continued,  and  it  is  thought  that 
these  data  will  i)rove  valuable  in  the  final  selection  of  the  new  source 
of  supply.  Result-s  are  given  in  the  Water-Supply  Pajiers  of  the 
United  Statues  Geological  Survey,  and  are  tabulated  at  the  end  of  this 
paper. 

In  making  gagings  at  these  staticuis  it  was  thought  desirable  to 
investigate  the  variations  of  flow  in  different  parts  of  the  river  channel, 
in  order  to  determine  at  what  points  the  velocity  could  be  measured 
to  ascertain  the  mean  velocity  in  the  channel  without  unnecessary 
ex|)ense  or  loss  of  time.  Before  taking  up  the  measuiximents  and  the 
vertical  velocity  curves  constructed,  it  may  not  be  out  of  place  to 
descril)e  briefly  some  of  the  methods  used  for  the  measurement  of 
streams. 

MF.TII008    OF    M15A8U11IKG    VEt.OCITY    IN    RIVER    CHAN- 

NEIiS. 

There  ar<^  in  common  use  a  number  of  methods  of  measuring  the 
flow  of  rivers.  In  general  these  involve  the  determination  of  the  mean 
velocity  of  the  current  and  the  area  of  the  cross  section  of  the  sti-eaiu. 
The  latter  is  easily  computed  from  soundings  made  at  frequent  inter- 
vals across  the  channel.  These  soundings  must  be  taken  at  intervals 
so  short  that  the  bottom  of  the  river  may  be  considered  a  straight  line 
between  soundings.  Usually  the  velocity  of  the  current  is  deter- 
mined in  sections  of  the  river  channel,  these  sections  extending 
Ix^tween  the  points  of  soundings.  The  summation  of  the  area  of  each 
of  these  sections  gives  the  total  area  of  the  cross  section.     When  the 
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txjtal  flow  of  the  river  is  known  and  is  divided  by  the  area  of  the 
oross  section  the  result  is  called  the  mean  velocity  of  the  river.  It  is 
t^his  mean  velocity  that  we  try  to  determine  in  any  method  of  sti'eam 
ixiea*siirement,  but,  as  a  matter  of  fact,  it  can  not  ho  actually  deter- 

Tiiine<l  until  the  total  flow  is  known. 

In  tlie  deti^rmination  of  the  mean  velocity  of  the  current  there  are  a 

number  of  methods  giving  results  more  or  less  aecnirato,  all  of  which 

sliould  be  familiar  to  the  engineer,  so  that  the  method  best  suited  to 

the  conditions  at  hand  may  be  apj)lie<l. 

FLOATS. 
GENERAL    METHODS. 


I  lira* 


FloatH  are  frequently  employed   to  dc^termim^  the  velocity  of  the 
current.     There  are  three  general  types  in  coinnion  nsc:  First,  sur- 
face float-s;  second,  subsurface  or  <louble  floats;   third,  tub<*  or  rod 
floats.     The  general  method  of  procedure  is  the  same  whichever  form 
^*^     of  float  is  used.     The  site  for  making  a  float  measurement  should  l>e 
on  a  straight  reach,  having  a  fairly  uniform  cross  section.     The  flow  of 
the  water  should  be  regular,  without  sudden  rapids  or  stretches  of  still 
water,  and  should  exhibit  no  tendencies  to  form  eddies  or  cross  cur- 
rents caused  by  irregularities  in  the  channel  or  n»snlti ng  from  the 
effect  of  a  sharp  l)end  above  the  reach.     The*  coursi^  of  the  floats 
f  thi^     '^^ould  have  a  length  of  from  KM)  to  300  tVu^t,  and  tlu^  areas  of  cross 
section  at  the  upper  and  lower  ends  of  this  conrse  should  be  carefully 
T  tletiTmined  by  soundings.     When  courses  more  than  KK)  feet  in  length 

are  selected,  it  is  desirable  that  additional  cross  sections,  at  equal 
intervals  from  one  another,  should  l)cs  measured.     As  a  preliminary 
step,  a  base  line  should  be  laid  out  by  taiK^  on  the  bank  as  nearly  as 
1  the      P^^'We  parallel  with  the  stream,  and  points  should  l)e  marked  oi)po- 
site  the  cross  sections  to  be  used.     If  the  stn>am  is  not  too  wide  the 
soundings  in  the  cross  sections  can  be  taken  most  conveniently  ahmg 
a  tagged  rope  stretched  a<;ross  the  channel  at  right  angles  to  the  base. 
If  the  depth  does  not  exceed  4  feet  this  can  be  don(^  by  wading,  the 
-^"  •    depth  being  read  on  a  rod  graduated  to  feet  and  tenths.     Should  t.he 
depth  of  the  channel  or  the  temi)erature  of  tlu*  water  make  wading 
^t^        impossible,  a  boat  may  be  used.     On  larg<»  rivers,  where  a  tagged  rope 
f^         can  not  be  employed,  the  boat  from  which  the  soundings  are  to  be 
made  should  be  located  by  simple  triangulation.     Soundings  should 
*    be  read  to  tenths  of  a  foot  and  be  taken  pref<M*ably  at  oc^ual  distances 
«    apart.     In  deep  rivers  a  tagged  rope  or  chain  with  lead  weight  can 
l3e  substituted  for  the  rod. 


nneu 

iurvJ 


•e  f<f 
r  of 


! 


SURFACE  FLOATS. 


I 


In  reconnaissance  work,  in  which  the  equipment  is  as  a  rule  limited 
by  transportati6n  facilities,  surface  floats  consisting  of  chips  will  be 
found  most  oonvenient.     The  use  of  rod  floats,  though  giving  more 


16  FLOW    OF   RIVEES    NEAR    NEW    YORK    CITY.  [ho.H 

(liroclly  the  mean  velocity,  ha8  many  disadvantages,  and  Hhould  no 
be  attempted  unle498  the  time  and  opportunity  permit  of  obtainini 
floats  of  the  required  lengths.  In  the  simplest  case  but  one  man  i 
needed  to  make  the  observations.  The  surface  floats  should  h 
thrown  into  the  stream  a  considerable  distance  above  the  first  croa 
section.  The  hydrographer  should  attempt  to  start  the  floats,  suco66 
sively,  at  different  distances  fi'om  the  shore  in  order  to  determine  tin 
velocity  in  different  parts  of  the  channel.  The  time  of  the  passagi 
of  each  float  between  the  upper  and  lower  cross  section  should  b( 
note<l,  preferably  by  a  stop  watch,  and  also  the  position  of  each  floai 
with  re8i)e(*t  t^)  the  tags  on  the  ropes.  This  will  enable  the  hydrog 
raphor  to  determine  whether  or  not  he  succeeds  in  covering  thi 
different  parts  of  the  stream,  and  it  will  serve  as  an  aid  in  the  com 
putation.  The  observations  should  be  continued  until  all  parts  oi 
the  stream  havi»  been  covered. 

On  wide  rivers  range  poles  may  be  established  on  opposite  shorec 
to  mark  the  upper  and  lower  cross  sections.  The  location  of  ead 
float  as  it  crosses  these  imaginary  lines  can  readily  be  recorded  bj 
triangulation.  A  light  traverse  plane  table  will  be  found  especiallj 
useful  in  obtaining  a  graphic  record. 

The  surface  floats  show  approximately  the  surface  velocity  of  th< 
stream  at  the  point  of  measurement.  The  results  obtained  by  thii 
method  are  subject  to  errors  due  to  wind  and  surface  currents  an( 
eddies.  The  velocity  shown  is  that  of  the  surface  of  the  river,  whil< 
that  required  for  computation  of  discharge  is  the  mean  velocity  of  th< 
cross  section.  Unfortunately,  the  relation  of  the  surface  to  the  meai 
velocity  of  the  vertical  is  not  constant,  yet  for  streams  of  the  sam< 
general  character  of  bed,  banks,  velocity,  etc.,  the  ratio  is  sufficiently 
constant  to  allow  the  mean  velocity  to  be  computed  with  fair  precisioi 
from  the  surface  velocity  observations. 

SUBSURFACE  OR  DOUBLE  FLOATS. 

The  double  float  consists  of  a  small  surface  float  connected  by  i 
fine  cord  to  a  laiger  subsurface  float,  which  is  so  arranged  that  i 
shall  always  remain  at  the  point  of  mean  velocity  in  the  current.  Th< 
surface  float  may  consist  of  a  flat  block  of  wood  or  a  tin  water-tigh 
drum,  which  floats  upon  the  surface  of  the  water  with  sufficient  buoy 
ancy  to  prevent  the  larger  subsurface  float  from  sinking.  Th' 
subsurface  float  may  consist  of  two  sheets  of  galvanized  iron  set  a 
right  angles,  weighted  at  the  bottom,  with  an  air-tight  cylindrica 
device  at  the  top,  in  order  that  it  may  at  all  times  keep  its  vertica 
position.  A  round,  hollow  cylinder  of  tin  also  makes  an  excellen 
subsurface  float.  The  tension  on  the  connecting  cord  should  be  a 
least  2  or  3  pounds,  and  the  cord  should  be  of  silk  and  as  fine  as  pofl 
sible  in  order  that  its  resistance  to  the  current  should  not  have  i 
marked  effect  upon  the  velocity  of  the  floats.     The  length  of  the  con 
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should  be  so  regulated  that  the  lower  float  may  be  at  the  point  of 
mean  yeloeity,  and  the  resistance  of  the  upper  float  and  the  c;onl  should 
be  made  as  small  as  practicable.     A  small  flaf(  should  1>o  phi<*o(l  upon 
the  upper  floait  in  order  that  its  position  may  bo  eiisily  dot4»nnine<l  at 
all  times.     The  chief  objection  to  double  floats  is  tlie  uiujertainty  as 
to  whether  the  cord  is  vertical  and  the  consequent  unci^rtjiinty  as  to 
tlie  position  of  the  subsurface  float.     Another  objec't  ion  is  the  modi- 
fying effect  of  the  surface  float  and  the  conl  \i\xm  thi^  veUxniy  of  the 
lower  float,  as  in  ^reat  depth  the  exposed  surface  of  the  eonl  may 
exceed  that  of  the  float.     A  third  objec'lion  is  the  uiKH^rtainty  as  to 
the  vertical  jiosition  of  the  lower  float,  as,  owiii^  to  eluinges  in  depth 
of  water  and  local  conditions,  the  point  of  mean  velo<Mt.y  nmy  (*hange, 
whereas  the  length  of  the  connecting  eonl  must  n^iuain  constant  in 
each  run.     This  nmy  introduce  a  noticeable  error  if  the  in<u*ease  in 
depth  is  large,  as  the  retarding  e(T(K*t  of  the  slow  vc^lociity  near  the 
bottom  of  the  river  will  not  be  felt  by  the  float,  an<l  the  result  will 
show  too  high  a  velocity.     The  lower  float  may  tip  slightly,  owing  to 
eddies  or  other  causes,  then^by  changing  the  ex[)osod  surface,  or, 
unknown  to  the  observer,  the  lower  float  may  strike  a  bowlder,  caus- 
mg  its  velocity  to  be  checked.     In  many  (*a8(»s  thes(^  obje<*tions  would 
not  be  at  all  serious,  but,  in  general,  when  floats  nnt  to  be  used  better 
resalts  can  be  obtained,  when  the  depth  is  not  too  great,  by  the  use 
of  rod  or  tube  floats. 

ROD   OR  TUBE    FLOATS. 

These  consist  of  long,  cylindrical  tin  iulK»s  or  wooden  poles,  2  or  3 
inches  in  diameter,  weighted  at  the  bottom,  so  that  they  will  float 
vertically  with  only  2  or  3  inches  exposed  abov<3  the  water  surface. 
These  rods  integrate  the  velocities  in  a  verticid  section  and  give 
approximately  the  mean  velocity  of  the  eurn^nt.  It  is  important  that 
they  should  extend  nearly  to  the  bottom,  as  otlnM-wise  the  velocity,  as 
shown,  will  be  too  great,  yet  the  great <*st  care  must-  be  tak(Mi  that 
they  do  not  at  any  time  scrape  upon  the  !*o<*ks  at  tlu^  l)ott()m  or  sides 
W)  as  to  retard  their  movement.  Kod  floats  are  free  from  many  of 
the  objections  to  double  floats,  as  there  is  no  unfHMtainly  as  to  their 
position  nor  as  to  the  point  of  mean  velocity  in  the  <haini<^l.  They 
are  not,  however,  suitable  for  very  deep  riv<»i*s,  or  for  channels  where 
the  depth  varies  considerably,  or  wln^re  weeds  giow  in  Ihc  IumI  of  the 
stream.  Mr.  James  B.  Francis  has  stated  Ihat  \\h)  rod  floats  travel  a 
little  faster  than  the  mean  velocity  of  the  water  (^veu  for  the  depth  of 
immersion.  The  float  will  be  subject  to  pn»ssun\s  proportional  to  the 
square  of  the  relative  velocities  of  the  water  at  different  points,  and 
when  it  has  attained  its  full  speed  there  will  be  equilibrium  between 
iheee  different  pressures.  This  equilibrium  may  exist,  however,  when 
the  speed  of  the  float  is  somewhat  different  from  the  mean  velocity  of 
the  water,  the  latter  being  the  arithmetical  mean  ot  a\V  lYiQ  Ol\S.^x^i!l\) 
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velocitiin*  throughout  the  depth  of  iinmerHion.  The  following  f ormidA 
for  correcting  an  obw^rved  velocity  was  derived  hy  James  B.  Franeit 
from  his  Lowell  exi)erimentH : 


v„=v„[i-.ii«(//^_o.i)] 


Wliere  V,„  is  ef|ual  to  true  mean  velocity  in  vertical,  V©  eqnali 
observed  velocity  of  tube,  d  equals  me^iu  depth  along  imth  of  1 
d*  ecjuals  depth  of  immersion  of  tul)e. 

Col.  Allan  Cunningham  ^  has,  however,  calculated  that  suoh  ! 
move  somewhat  slower  than  the  water  in  which  they  are  immc 
The  error  of  assuming  that  tlu»  velo<*ity  of  the  tube  represents  the 
mean  velocity  in  the  vertical  will  not  be  material  unless  tubes  too 
short  are  used,  in  which  case  the  velocity  as  shown  by  the  tube  should 
be  somewhat  reduced. 

W^EIRS. 

By  the  method  of  weirs  the  discharge  of  the  stream  is  computed  by 
means  of  an  empirical  formula,  which  varies  for  different  tyiJes  of 
dams  or  weirs.  On  creeks  or  small  rivei^s  it  is  sometimes  x>racticabl6 
to  build  a  timber  weir  across  the  channel,  causing  the  tot^l  flow  of  the 
stream  to  pass  over  the  sharp  edge  of  the  weir  crest.  By  observing 
the  head  on  the  weir,  computations  of  the  flow  can  l)e  made.  This  is 
probably  the  most  accurate  method  applicable  to  small  streams.  On 
large  rivers,  however,  the  cost  of  a  weir  is  usually  so  great  as  to  be 
prohibitive,  so  that  if  there  is  not  a  weir  or  dam  already  in  the  stream 
it  is  necessary  to  i*esort  to  measurements  by  floats  or  current  meters. 

On  many  of  the  rivers  of  moderate  size  the  lionditions  are  unfavor- 
able for  successfully  applying  either  of  these  methods.  For  instance, 
on  streams  used  for  manufac»turing  purposes  dams  occur  at  frequent 
intervals,  interrui)ting  the  regular  flow,  and  in  many  cases  holding 
back  the  night  flow  for  use  during  the  following  day,  so  that  the  dfak 
charge  during  the  night  may  be  either  nothing  or  a  very  small  per- 
centage of  the  day  flow.  Then,  too,  the  shutting  down  of  the  mill 
wheels  for  an  hour  at  noon  may  have  a  pronounced  effect  upon  the 
results  of  float  or  meter  measurements  matle  below  the  mill.  Unfor- 
tunately these  variations  are  not  always  apj)arent  to  the  hydrographer, 
and  surprise  and  annoyance  are  caused  by  finding  that  the  river 
height  differs  by  several  tenths  from  the  gage  as  reml  by  the  regular 
observer  a  short  tini<»  l)efore  the  hydrographer  arrived  at  the  station. 

Under  the  conditions  descrilK^d,  letter  rc\sult«  c^n  undoubtedly  be 
obtained  if  there  exists  upon  the  stream  a  good  dam  which  can  be  used 
as  a  weir.  It  should  have  a  level,  even  crest  and  a  constant  cross 
section,  with  sufficient  pondage  to  reduce  the  velocity  of  approach, 
and  it  should  be  free  from  leakage.     Masonry  dams  are  better  for 


altocont  hydraulic  oxperimonts:  Min.  Proc.  Inst  Civil  Eng.,  Vol.  LXXI  1888. 
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this  purpose,  for  they  are  more  likely  fco  be  tight  and  to  have  an  even 
<*n*8t.  Tiin)>er  dams,  although  level  when  first  constructed,  are  likely 
U>  settle  at  various  i>oints,  thus  prfKiucing  an  uneven  crest  elevation. 
There  are,  however,  many  good  timl>er  dams  practi(»^lly  free  from 
leakage  and  with  crests  sufficiently  uniform  for  accurate  work. 

Having  selected  a  dam  as  the  proper  sit^  for  a  station,  a  careful 
survey  must  Ik*  made  of  the  crest  line  and  of  the  upper  and  lower 
slopes,  so  that  it  can  be  compared  with  otlua*  dams  or  with  exi)eri- 
luent^l  se<jtions  for  which  the  cocffi(nents  of  flow  are  known.  The 
experiments  of  James  B.  Francis,  of  Ft(»ley  and  Stearns,  and  of  John 
R.  Fn»eman,  George  W.  Rafter,  and  others  at  Cornell  University, 
have  given  coefficients  upon  many  secticms  of  various  forms.  It  is 
probable  that  the  dam  selected  for  the  station  will  not  be  exactly  like 
any  of  the  experimental  forms,  but  it  will  resemble  some  of  them  so 
crlosely  that  coefficients  can  bt»  selected  for  the  (computations. 

When  the  mill  gates  are  open  a  part  of  the  flow  is  diverted  from  the 
river  through  the  mill  race,  the  gates,  and  the  tailrace. 

The  amount  of  the  diversion  must  of  course  be  measured  and  added 

to  the  quantity  flowing  over  the  dam,  in  order  to  determine  the  total 

ilischarge  of  the  stream.     In  many  factories  the  quantity  flowing 

through  the  wheels  varies  from  dfiy  to  day,  and  also  during  different 

hours  of  the  day,  so  that  careful  records  must  Ik^  kept  of  gate  openings, 

I   in  order  that  proper  allowance  may  be  made  for  these  variations.     The 

size  and  the  make  of  the  water  wheels  must  be  jiscertained,  and  the 

I   wheels  Ikj  used  as  water  meters  for  the  determination  of  the  flow 

through  them.     Many  of  the  modem  wheels  have  been  carefully  rated. 

Where  such  ratings  have  not  been  nmde,  usually  rei^ords  of  wheels  of 

the  same  tyi)e,  though  possibly  of  different  makes,  can  be  found  and 

the  records  be  compared.     Water  wheels  as  meters  give  fairly  accu- 

'    rate  records  of  the  discharge. 

I  The  Chezy  formula  or  surface-slope  method  has  been  extensively  em- 
;  ployed  in  gaging  large  rivers.  The  proper  coefficients  to  be  applied 
t  are  usually  determine<l  from  the  auxiliary  formula  of  Gauguillet 
*  and  Kutter.  One  difficulty  in  the  applictation  of  this  method  lies  in 
.    the  selection  of  suitable  friction  factor  or  coefficient  of  roughness. 

CURRENT  METERS. 

I       The  current  meter  has  been  found  best  adapted  to  the  general  meas- 
"fnients  mmle  by  the  United  States  Geological  8urv(»y,  and  is  used 
almost  exclusively  in  its  hydrographic  investigations.     (Pis.  I  and  II.) 
I    Occasionally,  however,  either  a  meter  is  not  available  or  the  conditions 
I    are  not  favorable  for  its  use.     In  such  cases  weirs  or  floats  have  been 
nsed,  though  a  Pitot's  tube,  hydrometric  pendulum,  or  hydrometric 
I    balance  might  in  exceptional  case  be  used  to  advantage. 

The  current  meter  has  been  described,  and  instructions  for  the  care 
and  use  of  the  instmment  have  been  given  in  Water-Supply  Paper 
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No.  50.  Tho  o])ject  of  Uio  present  discussion  is  to  give  a  few  ad( 
tioual  facts  as  to  the  point  at  which  the  luet^^r  should  be  held 
determine  tlie  mean  velocity  in  a  channel,  as  deduced  from  mei 
urements  reiiently  made  upon  rivei's  in  the  southern  part  of  N< 
York  State.  The  current  meter  may  be  used  to  det<5rmine  the  veh 
ity  of  a  river  in  four  ways:  First,  by  making  point  meaBuremei 
at  a  depth  corresiM>nding  to  the  approximate  position  of  the  thie 
of  mean  velocity;  second,  by  deducing  the  me^n  velocity  from  ob» 
vations  made  at  other  |>oints  in  the  same  vertical;  third,  by  t 
integration  method;  fourth,  by  point  measurements  made  at  rogai 
inter\'als  throughout  cross  sections  of  the  river.  In  the  first  two 
these  methods  it  is  important  to  know  the  relation  between  theTelo 
ties  at  various  i>oints  in  the  section.  In  the  first  method  the  positi 
of  mean  velocity  must  1h^  known,  and  in  the  second  method  t 
relation  Ixitween  the  surfiwe  velocity,  or  the  velocity  at  mean  dept 
to  the  mean  velo<;ity  must  l)e  known.  In  either  of  these  cmoea  t 
form  of  t  he  vertical  velocity  curve  will  determine  the  coefficient  to 
applied  to  the  observations. 

VERTICATj  VKIjOCITY  CirilVE8  ON  8TREAM8  WITHOUT  I< 

COVER. 

Studies  of  tlie  vertical  v<»l(xjity  curve  made  on  the  Mississippi  Bi^ 
by  Humphreys  and  Ablxitt,  on  the  Connecticut  by  T.  Q.  Ellis, 
the  Merrimac  (iume  by  Wheeler  and  Lyncli,  on  the  Potomac  by  C. 
Babb,  an<l  n»cent  exp(»rimcnt«  by  others,  notably  those  at  Gom 
University  by  E.  C'.  Murphy,  indicate  that  the  point  of  meanveloci 
in  a  jifiven  vertical  secticm  is  at  a  deptli  varying  from  six-tenths 
two-thirds  of  the  total  depth  of  the  section,  nieasured  from  the  si 
face  down.     The  values  found  in  the  ex|)eriments  were  as  follows: 

IM'.plh  from  iturface  of  jxriut  of  mean  veUwity, 


Exiwrimontor. 


Cyrus  C:.  Bab])      

Humphreys  and  Al)lK>tt 

T.  G.  Ellis  .    

E.  C.  Murphy  ...  *    ... 
Wheeler  and  Lynch 


Stroam. 

Potomac  River 

Mississippi  River . . 
Connecticut  River  . 

Cornell  flumt*    

Merriniac  flume  .  . . 


Depti 


"Fur  depthft  IwtwexMi «  and  W  ftH.*t.  tho  proiM»rtii)njit4»  depth  of  point  of  moon  velocity  becom 
\q»h  a8  the  depth  of  the  water  docreased,  and  becoming  0.55  for  depths  of  water  between  1  ax 
feet. 

The  Cornell  experiments  indicate  that  measurements  made  at  s 
tenths  of  the  depth  yield  results  3.5  i^er  cent  too  large,  the  depth 
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Hiean  velocity  being  nearly  two- thirds  of  the  depth.     The  measure- 
ments at  Cornell  were,  however,  made  in  the  canal,  tlie  cross  sections 
of  which  have  a  greater  ratio  of  depth  to  width  than  most  nveis,  and 
decidedly  more  than  the  Mississippi,  Connecticut,  and  Potomac,  upon 
which  the  above  coefficients  were  obtained.     There  can   he  no  doubt 
but  that  the  difference  in  the  ratio  of  the  <lepth  to  widt  h  is  a  factor 
likely  to  affect  the  position  of  mean  velocity. 

The  bottom  and  sides  of  the  cliannel  retard  the  flow  i^lose  to  them 
in  proportion  to  their  roughness,  this  retardation  iM^injr  due  nioiv  to 
the  impeding  of  the  flow  by  eddies  than  by  frict  ion  alone.  The  retarda- 
tion of  the  surface  velocity  h}isl.)een  attri])ut(Mi  to  the  rising,  by  vertical 
motion,  of  the  lower  water  to  the  surface  aftcu*  iKMUg  ch<»cked  in  its  flow 
by  striking  against  the  rough  bottom  and  sides  of  the  channel.  The 
yariation  of  the  velocity  in  the  river  channel  is  shown  in  PI.  VIII 
(p.  'Si))  and  fig.  1. 

Mr.  Frederick  P.  Steams  has  attributed  tho  rcMluction  of  surface 
Telocity  to  the  general  retarding  of  thc^  layers  of  water  adjacc^nt.  to 
the  banks  of  the  stream,  this  water  rising  to  th<^  surface  and  thei'*»by 
making  the  edges  of  the  channel  higher  than  the  c(Mit<M*  and  causing 
a  flow  of  the  slowly  mo\ing  water  from  the  sid(»s  toward  tlu^  mid- 
dle, thereby  decreasing  the  surface  velocity,  d(»pressing  tlie  point 
of  maximum  velocity,  and  lowering  in  gencM'al  Uu*  lilament  of  mean 
velocity.  This  depression  of  the  maximum  velocity  is  known  to 
become  more  pronounced  with  an  increase  in  the  ronghn(\ss  of  the 
lining,  in  the  steepness  of  the  banks,  and  in  the  ratio  of  dej)th  to 
wiilth.  In  an  extreme  case  of  a  wide,  shallow  stn^ani,  where  the  Iwt- 
tom  merges  imijerceptibly  into  the  banks,  maximum  vchx'ity  (H'cui's, 
under  normal  conditions,  at  or  very  near  the  surface  of  th(»  center 
of  the  stream.  On  the  other  hand,  in  a  <le(»p,  nan-ow  channel,  as 
for  instance,  in  a  canal  with  vertical  sides,  the  maximum  v(»locity 
occurs  a  considerable  distance  below  the  surfae*',  and,  as  the  ('oriu»ll 
experiments  indicate,  this  depression  may  amount  to  as  much  as  one- 
thinl  and  even  two-fifths  of  the  total  depth.  Kvidently,  th<»n,  in  such 
cjises  depression  of  maximum  vehx'ity  must  result  in  a  low(»ring  of 
the  threiul  of  mean  velocity,  and  engineers,  in  making  unit  meas- 
urements for  mean  velocity,  should  bear  in  mind  that  wiiiU^the  obser- 
vations at  six-tenths  depth  give  fair  values  for  mean  velocity  in  wide, 
shallow  rivers  this  ratio  shouhl  be  increased  to  two-thirds  in  the  case 
of  canals  and  flumes  or  narrow  natural  ehannels. 

The  friction  of  flowing  water  against  the  air  has  a  similar  intluence, 
and,  though  in  general  less  marked,  it  may,  in  the  eas<'  of  a  strong 
upstream  wind,  have  a  decided  influence*  upon  the  surface  velocity 
and  the  point  in  the  vertical  of  the  maximum  an<l  mean  velo(;ity.  On 
account  of  these  resistances  on  the  b(»d  and  bank  of  a  stream,  the 
maximum  velocity  of  the  river  in  a  straight  rejich  is  found  in  the  ceu- 
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tral  i)ortion  of  the  stream,  and  somewhat  l>elow  the  surface- 
actual  position  depending  upon  the  size  and  condition  of  the  i 
and  the  vehx*ity  of  flow.     The  velocity  increases  from  the  sui 
downward  for  a  sliort  distance — say,  one-tenth  of  the  depth — and 
decreases  down  to  the  bottom,  where  it  reaches  the  minimum. 

Various  writers  who  have  studied  the  form  and  equation  of 
curve  representing  the  variation  in  velocities  in  a  vertical  section  1 


Piu.  1. — Cross  section  on  Eaopus  Creek,  at  Kingston,  showing  curvw*  of  equal  veloc 
(let4^miint»d  by  current-meter  measurements,  there  l>eing  no  i<'H  cover. 

come  to  different  conclusions  as  to  the  form  of  tliis  curve,  the  incl 
straight  line,  the  parabola  with  horizontal  axis,  the  parabola  with 
tical  axis  and  vertex  at  or  below  the  surface,  the  ellipse,  and  the  h^ 
bola  each  having  its  advocates.  IIuinphn»ys  and  Abbott  showe* 
their  experiments  on  the  Mississippi  River  that  the  curve  <lid  nol 
for  materially  from  a  parabola  having  its  axis  parallel  to  the  sui 
and  at  the  depth  lx>low  the  surface  of  the  position  of  maximum  v 
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ity,  the  abscissas  representing  the  velocities  at  the  different  depths 
and  the  ordiaates  the  vertical  distanccH  of  these  depths  from  the 
point  of  mean  maximum  velocity.  In  tho  MissiHsippi  River  experi- 
ments the  position  of  maximum  vc^loeity  was  on  an  average  nearly 
one-third  of  the  whole  depth  below  tho  surface,  varying  with  the 
direction  of  the  wind.  Bazin  also  found  that  the  vertical  velocity 
ennre  was  in  the  form  of  a  parabola,  the  eurv«»  varying  with  different 
channels  and  the  position  of  maximum  velocity.  Prof(»ssor  von 
Wagner  agreed  with  the  al)ove  exix^riment<*rs,  but  found  that  the 
curve  differed  from  the  paral)ola  toward  the  lK)itom  and  near  the 
surface,  and  that  the  point  of  maximum  velocity  varied  from  a  little 
below  the  surface  to  a  little  over  one- fourth  of  the  full  depth. 

The  exact  mathematical  form  of  a  vertical  velocity  curve  is  not  a 
vital  question  in  the  measurement  of  streams,  but  it  is  greatly  to  be 
desired  that  the  relation  l>etween  the  surface,  maximum,  and  mean 
velocities  should  be  known,  so  that  if  any  one  of  these  be  measured 
accurate  computations  of  the  flow  nan  be  made,  and.  so  that  if  the 
velocity  of  the  stream  be  measured  at  some  particuilar  point  the 
mean  velocity  of  the  whole  se<*tion  can  be  calculated.  It  has  been 
shown  by  a  series  of  measurements,  tho  result^s  of  wiiich  are  given 
herein,  that  the  typical  vertical  velocity  curve  is  in  general  of  the 
form  shown  in  fig.  2;  that  the  surface  velocity  is  somewhat  greater 
than  the  mean;  that  the  maximum  velocity  is  i)elow  the  surface  but 
above  mid  depth;  and  that  the  point  of  mean  velocity  is  from  0.6  to 
two-thirds  of  the  depth  below  the  surfaces  The  relation  between  the 
surface  velocity  and  the  mean  velocity  is,  of  coui*se,  imi)ortant  in  the 
use  of  surface  floats  and  current  metei's  when  the  velocity  is  meas- 
ured only  near  the  surface,  for  some  coeflicient  must  always  be 
applied  to  obtain  the  mean  velocity  in  the  vertical  st^'tion.  In  this 
connection,  some  results  obtaincMl  by  Mr.  J.  !>.  Lippincott  on  rivers 
in  southern  California,  in  April,  1902,  are  of  interest: 

On  the  Sacramento  River,  at  Jellys  Ferry,  observations  for  velocities  have  l>een 
taken  at  the  top,  middle,  and  bottom  of  each  section  at  intervals  of  20  feet.  The 
channel  is  of  bowlders  and  has  a  depth  of  from  JJ  to  5  feet  in  the  low- water  stages. 
The  relation  of  the  mean  velocity  to  the  top  velcxnty  on  ea<'h  8e<'tion  was  deter- 
mined, and  then  the  mean  ratio  for  the  entire  mea.snrement.  The  measurements 
Were  arranged  in  6  groniw  according  to  gage  heights.  In  the  first  gronj)  the  mean 
velocity  was  87  per  cent  of  the  surface  velocity;  in  the  second  HH;  in  the  third  8S; 
in  the  fourth  89;  in  the  fifth  87:  in  the  sixth  H7.  The  last  group  represents  the 
highest  water.  The  mean  of  80  measurements  gives  a  ratio  of  hm  j)er  cent.  In 
this  case  the  coefficients  are  (juite  constant. 

A  determination  on  the  Tuolumne  River,  at  Lagrange,  also  gives  a  coefficient  of 
88  per  cent.  This  river  has  a  pebbly  or  stony  IxmI,  and  the  depths  range  from  1.12 
to  1.84  feet.    The  velocities  range  from  8  to  5  feet. 

On  the  smaller  rivers  the  determinations  were  less  satisfactory,  because  when 
depths  become  as  low  as  1  foot,  top,  middle,  and  l)ottom  velocities  were  seldom 
obaerved  with  meters,  and  unless  we  had  three  observations  for  velocity  the  mean 
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velocity  was  not  considered  sufficiently  accnrate  to  justify  a  comparis 
the  surface  velocity. 

The  relative  irregularities  of  the  beds  of  the  smaller  streams  also  int 
wider  ranges  in  the  relation  of  surface  to  mean  velocities. 

On  the  San  Gabriel  River  the  following  results  were  obtained  at  differei 
on  the  stream:  0.88,  0.94,  0.95,  0.89,  0.90,  0.98;  mean,  0.92. 


Depths  in 

decimal 

parts  of 

totnL 


1.00 

7D  80  9D  lOa 

Velocity  in  terms  of  mean  velo<"ity=100. 

Pig.  2. — Mean  vertical  velocity  curves  for  Esopos,  Rondout,  Oatakill,  and  Fishkill 
and  Wallkill,  Tenmile,  and  Housatonic  rivers. 


On  the  Santa  Ana  River  the  following  determinations  were  made  a1 
Springs:  0.96,  0.95,  0.91,  0.86,  0.90,  0.91,  0.96,  0.93;  mean,  0.92. 

The  channels  of  these  two  streams  are  relatively  rough,  the  water  si 
usually  from  10  to  20  feet  in  width,  and  the  depths  vary  from  0.25  foot  1 
for  the  stage  of  water  observed  n\xm.  It  is  rather  singular  to  note  1 
determination  of  these  coefiicients  in  the  smaller  and  relatively  rough  < 
shows  a  higher  value  than  in  the  larger  channels.     As  previously  remarks 
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er.  the  determinations  for  the  San  Gabriel  and  the  Santa  Ana  are  not  eonsidereil 
entirely  satisfactory  nor  as  reliable  as  the  determination  for  the  Sacramento. 
is  possible  that  the  coefficients  which  we  have  determined  for  t\u*  Hinaller 
reams  are  too  high,  owing  to  the  fat^t  that  the  current  meter  could  n(>t  1h>  iihiced 
the  slowest  film  of  water  immediately  adjacent  to  th(»  bottom  and  Hides  of  the 
uumeK  so  that  the  mean  velocity  as  shown  may  1h»  slightly  iilM)ve  the  true 
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0. 3.— <.!<)mi)ariflon  of  tho  (ft^noral  m«*jiii  vel«M-ity  curvo  witli  tin*  iih'uii  cnrvo  for  Hm<H)th  ImhI 
wd  the  mean  cnrvo  for  rouKh  IhmI.  (N«>t<':  Tin-  ^'fiicnil  iin*iin  <urv«'  iuclinit's  all  djita  «»btnin«*<l 
Q  78  vertical  velocity  ourvew:  tho  incun  <-urv(' for  rou^rh  ImmI  iiuludt's  tin*  <liitu  for  :.'•'>  v. 'rtii'iil 
velocity  curvea,  and  tho  moan  rurvo  for  smooth  1»<m1  inc-hi<l«'s  tln'  (lut.i  for  ;.'i»  vorticul  velocity 
■^UTee.    All  of  theHe  curvtw  woro  tJikon  when  lln-ro  whh  n.»  ic«>  <'ov««r.  i 


3an  velocity.  This  error  would  he  relatively  greater  in  Hmall  than  in  large 
^eams,  however.  In  the  meaHurements  of  the  small  stream  a  Price  a<'ou8tic 
^rhas  been  nsed,  which  i)ermit«  the  center  of  the  meter  to  1h»  i>laced  within 
nches  of  the  bed  of  th<»  creek. 

In  consideration  of  the  alK)V(»  data  it  is  lKdieve<l  that  for  ordinary  streams  dis- 
arging  100  cnbic  feet  iH»r  s*M-oud  of  water,  or  les8,  on  nUmy  \>oi\HA\^»\.Vi.Si  vil>i\i'ft 
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mean  surface  velocity  for  the  section  will  represent  the  mean  velocity  for  thft 
section,  Kaid  snrfac«  velocities  bemg  observed  at  nmneroos  points  across  thi 
stream. 

«  With  tJie  object  of  determining  the  ratio  l>etween  the  maximum  sur- 
face velo<5itie8  and  the  mean  velocity,  Do  Prony  made  some  experi- 
ments in  wooden  troughs,  and  Messrs.  Baldwin,  Whistler,  and  Slos-son 
in  channels  lined  with  planks.  The  coefficients  obtained  for  convert 
ing  the  observed  surface  velocity  into  mean  velocity  were  O.Slfi  by  De 
Prony  and  from  0.810  to  0.847  by  the  latter  observers  in  different 
channels.  Subsequent  experiments  indicate  that  the  coefficient  is  gen- 
erally comprised  within  the  limits  of  0.8  and  0.9,  depending  upon  the 
size  of  the  channel  and  the  nature  of  the  bed.  The  Mississippi  Rivei 
experiments  show  the  coefficients  to  exceed  0.9,  but  it  is  quite  possible 
that  the  influence  of  the  long  connecting  cord  and  surface  float  causec 
too  large  values  to  be  recorded  for  the  velocities  toward  the  bottom 
and  thus  gave  too  high  a  value  to  the  mean  velocity,  as  Mr.  Rober 
Gordon,  in  checking  his  experiments  on  the  Irrawaddi  with  a  curren 
meter,  obtained  considerable  reduction  in  the  velocities  approachin 
the  bottom  compai'ed  with  those  obtained  by  double  floats.  Th 
coefficient  would  be  greatest  for  large,  deep  rivers  with  smooth,  un: 
form  channels,  and  least  for  small,  shallow  streams  with  rough  bedj 
M<»s8rs.  Darcy  and  Bazin  derived  from  their  experiments  the  foUov 
ing  formula  giving  the  relation  between  the  maximum  velocity  an 

the  mean  velocity:  

U-V=25.3(;%/R  S 

where  U  is  the  maximum  velocity  in  feet  per  second,  V  the  mea 
velo(*ity,  R  the  hydraulic  radius  in  feet,  and  S  the  slope. 

The  variation  in  the  coefficient  to  be  applied  to  the  surface  velocit 
gives  rise  to  a  i)ossible  error  large  enough  to  preclude  the  use  of  thi 
method  of  measurement  when  accurate  results  are  desired.  As 
quick  method  it  may  often  be  used,  and  in  a  few  cases,  as,  for  instance 
at  the  time  of  high  floods,  when  it  is  impossible  to  use  other  mean; 
the  i-esults  obtained  by  this  method  may  be  of  considerable  value. 

The  mean  of  78  velocity  curves  taken  ui)on  rivers  in  the  souther 
part  of  New  York  State,  described  further  on  in  this  paper,  shows  tha 
th(»  mean  velocity  was  0.87  of  the  surface  velocity  in  the  vertical  sec 
tion  (shown  in  flg.  3).  This  coefficient  varied  from  0.82  in  the  case  ( 
Catskill  Creek  to  0.93  on  Fishkill  Creek  (fig.  2).  It  will  be  noted  thji 
these  coefficients  ai)ply  to  the  mean  velocity  in  the  vertical  in  whic 
the  float  is  run.  If  only  one  surface  float  is  used,  and  that  in  tli 
center  of  the  river,  or  point  of  maximum  velocity,  it  appears  that  0. 
is  the  i)roper  coefficient  to  apply,  though  the  chances  of  error  ai 
much  greater  than  when  surface  floats  are  used  at  int(M*vals  across  tli 
channel. 

a  From  Rivera  and  Canals,  vol.  1,  p.  38,  by  L.  P.  Vemon-Harcourt. 
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RIVER  STATIONS  AT  WHICH  CURVES  WERE  OBTAINED. 

In  June,  1901,  a  reconnaissance   was  made  of  (-atskill,    Ksopus, 
ADd  Rondout  creeks,  and  Wallkill  River  west  of  the  iriidsoii,  and 
Fishkill  Creek  and  Tenmile  and  llousa tonic  rivers  east  of  the  Hudson. 
Nearly  the  entire  length  of  each  stream  was  traversed,  and  a  sit<»,  for 
a  gaging  station  selected  on  each.     Karly  in  July  the  stations  were 
established,  with  the  exception  of  that  on  Tenmile  River,  which  was 
established  in  September  of  the  same  y(»ar.     Persons  living  near  at 
hand  were  employed  as  gage  readera  to  take  observations  of  the  stage 
of  the  stream   twice  each   day.     Mr.  A.  E.  Place  was  in  (charge  of 
these  stations  until  September,  1901,  when  Mr.  W.  W.  Schle(»ht  was 
placed  in  charge  as  resident  hydrographer.     The  measurements  given 
in  this  paper   were  obtained    by  Messrs.  Place  an<l   Schlecht,  and 
the  tables  and  several  of  the  diagrams  were  pr(*pared  by  Mr.  Schlecht. 
The  object  of    the  measurements  nmde  at  these  stations  was  to 
determine  primarily  the  run-off   from  the  various  drainage   basins 
and  the  availability  of  the  streams  as  sources  of  additional  supply 
of  water  for  New  York  City.     The   result^s  of  the   measurements, 
together  with  the  heights  of  water  in  the  river  on  each  day,  have 
been  published  in  Water-Supply  Paper  No.  <)5.     Incidentally  it  was 
thought  l)est  to  make  observations  as  to  tlu^  point  of  mean  velocity 
in  each  of  these  streams  for  use   in    future  measurements  on  the 
same  rivers,  as  well  as  for  general  information  as  to  the  most  desirable 
method  of  making  current-meter  measur(»ments  on  rivers  in  general. 
In  making  measurements  of  rivers  of  this  (character  it  has  ])een  the 
custom  of  the  Hydrographic  Division  of  the  United  States  (xeological 
Survey  to  divide  the  cross  section    into   partial   areas  of    regular 
width,  say  5  or  10  feet,  and  to  determine  the  velocity  in  (^ach  of  these 
small  areas  by  holding  the  meter  at  a  point.  six-t(Miths  of  the  total 
depth  l>elow  the  surface.     The  velocity  obtained  at   this  point  was 
assumed  to  be  the  mean  velocity  in  the  small  area  in  which  the  niet»er 
was  used.     It  was  realized  that  this  relation  would  not  hold  true  in 
all  streams,  but  in  rivei's  with  the  gen<M*al  characteristics  of  those 
under  discussion  it  was  considered  that  no  serious  error  would  result 
from  this  sissumption.     The  data  in  the  following  pa^es  wer<»  coll(»cted 
in  order  to  check  the  above  assumption  oi-  to  enable  the  hydroji:rapher 
to  determine  by  a  point  measureni(»nt  the  velocity  at  some  othei*  de[)th 
which  might  be  considered  th(*  mc^an  in  the  channc^l.     Kaeh  of  tin*  sta- 
tions established  will  now  be  briefly  (l(^scrll)e<l.     1'he  drainage  biisins 
were  describetl  in  detail  in  Water-Supply  Paper  No.  (>5. 

CATSKILL  CREEK  AT  SOUTH   CAIRO,  N.  Y. 

The  gaging  station  is  located  at  tlu^  highway  bridge  in  the  village 
of  South  Cairo,  a  view  of  which  is  shown  on  PI.  III.     The  tot.al  s^aii 
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of  the  bridge  is  194.5  feet  between  abutments,  the  faces  of  whic 
vertical.  The  stream  bed  is  of  earth  for  25  feet  from  the  right  i 
ment.  At  this  point  the  bluestone  rock  ledge  outcrops,  covered 
patches  of  loose  shingle  and  shifting  gravel,  while  the  left  side  c 
channel  is  covered  with  small  gravel.  The  entire  flow  of  the  st 
at  all  stages  passes  under  this  bridge.  High- water  marks  at  the  b 
indicate  a  maximum  elevation  of  17.5  feet  on  the  gage.  The  sta 
the  stream  is  observed  each  morning  and  evening  by  the  local 
reader,  an<l  current-meter  measurements  are  made  at  intervals  h 
resident  hydrographer. 

ESOPUS  CREEK  AT  KINGSTON,  N.  Y. 

This  gaging  station  was  established  at  Washington  avenue  b 
in  Kingston  July  5,  1901,  a  view  of  which  is  shown  in  PI.  IV. 
bridge  has  a  clear  span  of  10(5.6  feet  between  abutments,  whicl 
nearly  vertical.  In  addition  there  is  on  the  left  side  a  channel  1\ 
in  width  through  which  wat(^r  passes  at  high  stages  of  the  river. 
n>adings  are  mad(>  here  each  morning,and  evening.  The  bed  is  co^ 
with  small  stone  over  part  of  the  channel,  the  rest  of  the  bed  1 
made  up  of  sand,  silt,  and  small  gravel. 

WALLKILL  RIVER  AT  NEW  PALTZ,  N.  Y. 

A  gaging  station  is  situated  at  the  New  Paltz  highway  bridge,  a 
of  which  is  given  in  PI.  V.  The  bridge  is  a  span  of  146.0  feet  bet 
the  vertical  faeces  of  the  masonry  abutments.  The  entire  flow  p 
under  this  bndge  except  in  extreme  freshets,  when  the  left  ba 
overflowed. 

The  bed  of  the  river  is  for  the  most  part  smooth,  and  oompoc 
sand  and  silt. 

RONDOUT  CREEK  AT  ROSENDALE,  N.  Y. 

A  gaging  station  was  established  at  the  highway  bridge  at  Boseii 
3  miles  above  the  junction  of  the  Wallkill,  July  6,  1901.  The  li 
is  a  single  span  of  130  feet,  and  is  shown  in  PI.  VI.  The  bed  c 
channel  is  rock  with  bowlders  for  40  feet  from  right  bank,  the  i 
the  bed  Inking  covered  with  broken  rock  from  G  inches  to  1  f c 
<liameter.  The  entire  flow,  aside  from  the  diversion  to  the  Dell 
and  Hudson  Canal,  passes  under  the  bridge  at  all  stages. 

FISHKILL   CREEK   AT  GLENHAM,  N.  Y. 

A  gaging  station  is  located  at  the  Newburg,  Dutchess  and 
necticut  Railroad  bridge,  in  Glenlmm.  It  was  established  Ji 
1901.     The  bridge  consists  of  the  main  central  span  with  two  j 
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ary  overfloinr  channels  at  the  ends,  the  length  of  span  lM3ing  as  fol- 
ows:  Left  overflow,  station  zero  to  22.5;  main  span,  station  27.5  to 
station  122;  right  overflow,  station  127  to  station  \V,K  Th<»  lM»d  of 
die  main  chaiiiiel  is  earth  and  gravel;  that  of  tlie  overflow  channels 
is  broken  stone. 

TEXMILE   RIVER  BELOW   DOVER  PLAINS,  N.  Y. 

A  gaging  station  was  ostablished  Soi)teiHb<ir  1«),  11)01,  at  Talior's 
bridge,  which  crosses  Tenmile  River  about  2,0<K)  fe(»t  ])elow  tlie  point 
of  inflow  of  Swamp  River.  The  gaging  station  is  sit uat<Hl  alH>ut  2 
miles  b<*low  Dover  Plains  Village.  Tabor's  bridgi*  consists  of  a  single 
span,  85  feet  l>etween  abutments.  The  bridge*  stands  scjuare  across 
the  stream,  the  betl  of  which  is  sand  and  grav<»I.  The  entire  flow 
passes  between  the  abutments  of  this  bri<lge,  <*xcepl  at  the  time  of 
extreme  high  water,  which  occurs  nearly  every  si>ring  when  the  river 
overflows  its  banks,  and  some  water  passes  around  oik^  end  of  the 
bridge. 

HOUSATONIC   RIVER  AT  (lAYLORDSVILLE,  CONN. 

A  gaging  station  was  established  at  Gaylonlsvilh*,  Conn.,  October 
24,  IIKM).  The  station  is  situated  .*3  miles  i^ast  of  tin*  New  York  State 
line  and  2  miles  below  the  mouth  of  Tenmile  River.  Owing  to  the 
unfavorable  conditions  under  the  bridge,  the  <lis<'harg(»  measurements 
are  made  from  a  cable  of  2(M)  feet  span  place<i  across  tin*  stream  1:J^ 
miles  below  the  bridge.  A  view  of  the  rivm-  at  this  point  is  sliown  in 
PL  \TI.  The  cable  is  supi>orted  on  tlie  right  bank  ])y  tini]H»r  shears 
25  feet  high  and  is  anchored  to  a  large  buried  rocfk.  On  tlie  left 
Imnk  a  sycamore  tree  serves  as  a  support  for  the*  (*able,  whi(*h  is 
anchored  to  the  base  of  a  large  oak. 

DISCUSSION  OF  TABLES. 

In  the  tables  that  are  given  in  the  following  pag<*s  tin*  measure- 
ments reconled  were  taken  at  the  time  of  tlu»  regulai*  gagings  of  the 
rivers,  and  with  the  same  degree  of  accuracy  with  whicli  current- 
meter  measurements  have  been  ma<le  upon  tliese  streams.  Only  one 
instrument  was  use<l  at  one  time,  the  velocMty  being  taken  at  the 
various  i)oints  in  regular  order  vertically,  usually  at  intervals  of  one- 
half  foot.  When  other  space  intervals  were  used  it  is  shown  in  the 
tables. 

In  PL  VIII  is  shown  the  variation  in  the  veloculy  of  Wallkill  River 
at  New  Paltz.  The  dotted  lines  are  lines  of  equal  velociti(»s  and  ai-e 
determined  by  observations  of  velocity  at  regular  intervals  throughout 
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the  (•n)SH  section.  Tlie  liiuj  markcHl  "  nit^aii  velocity  for  each  section" 
shows  the  (l(»pt]i  Ht  \v]ii<*h  iimy  l>e  found  the  filament  of  mean  velocity. 
Near  th(»  r\ir]\i  ])ank  th<M*e  is  slack  water  and  some  return  current, 
which  ac<M)Uiits  for  the  i><M»uliar  po^5ition  of  the  curve,  and  the  fm^ 
tliat  tli<»re  aie  two  lines  of  in(»an  velocity.  Tliis  condition  would  not 
usually  occur  at  a  gajciuK  station. 

At  th<»  hottom  of  PI.  VTII  are  lim^s  showing  the  velocity  at  various 
depths,  as  1  foot,  2  feet,  etc.,  across  the  river  secti<m.  The  elTectof 
the  hnlgc*  of  rocks  is  (dearly  shown  in  the  plat<>. 

A  small  Prici?  current  met<»r  was  us<m1,  an<l  was  in  each  case  sus- 
I)en<UMl  from  a  l)ri<lge  and  hung  freely  in  the  wat'Cr.  The  meter  whs 
held  fifty  s<»coii<ls  at  one  iM)int  to  determine  tlie  velocity,  and  in 
each  cajse  the  first  reading  was  check<Ml  by  a  second,  and  if  there  waft 
a  disc  re  pan  (\v  a  third  reading  w^as  taken.  The  results  we  1x3  plotted 
upon  cross-se<'tion  paper,  the  depths  as  ordinat<»s  and  the  velocritiesas 
abscissas,  aii<l  a  smooth  curve  drawn  through  the  points,  so  that  in 
case  there  was  an  error  of  sufficient  magnitude  to  alTect  tlie  final  n^sults 
it  would  1k^  found  when  the  curve  was  plotted.  H<»fore  tlTe  work  was 
commeiHHMl,  an<l  aft.er  the  completion  of  thesis  curves,  the  meter  was 
rated  and  showed  very  slight  change  in  its  readings.  The  gage  heig:ht 
was  read  at  the  beginning  of  eacli  measurcMnent  and  at  its  comi)letion, 
and  in  general  no  <'hang4^  of  stage  of  the  stream  during  the  mea^^uiiJ- 
ment  was  noted. 

In  Table  I  the  dale  of  each  measurement  is  given  at  the  heml  of  the 
column,  then  the  [K)int  of  mc^iisurement — that  is,  the  distance  in  feet 
from  the  initial  j)oint  of  soundings  which  had  iK^en  pi^eviously  estAb- 
lishe<l  and  marked  pernuinenMy  on  the  bridge.  Next  is  given  the 
gag(*  height  at  the  time  t  he  velocities  were  mejisurtul  and  the  depth  of 
water  at  tlu^  i)oint  of  measuremc^nt  at  the  time  of  making  the  measure- 
ment. Th(^  <?haractcM-  of  the  bed  of  the  river  and  the  force  and  direc- 
tion of  th(»  wind  an>  also  giv<»n.  The  dei)ths,  as  given  in  the  alternate 
columns,  w<»re  measunnl  by  a  wire  attach<»d  to  the  meter  an<l  a  tape. 
Tlie  column  h<»aded  "Velocities"  gives  the  actual  observed  velocity 
in  feet  per  second  at  <»ach  obscM'vation. 

Table  II  is  <M>mj)uted  from  Table  I,  the  observations  l)eing  the  same, 
but  the  vi'locities  being  given  at  regular  depths  as  shown  in  percent- 
ages of  the  whole  in  the*  fii'st  column.  The  velocities  as  shown  in  the 
columns  of  this  table  w(M(»  foun<l  from  the  plotted  vertical  velocity 
curves  based  upon  the  figures  in  Table  I,  the  velocities  at  each  deptli 
being  Uikon  by  scale  dire<*tly  from  the  curve.  The  sum  of  the  veloci- 
ties in  ea(*h  <*olumn  of  Tabh*  II  divided  by  10  gives  the  mean  velocity 
in  that  se<*tion,  and  is  the  quantity  that  shouhl  be  obtained  by  a  single 
meter  observation  at  a  jmint  in  the  section  which  rein^esents  the  poin 
of  mean  velocity.  For  (comparison,  the  velocity  as  actually  found  H 
six-tenths  of  the  depth  is  given  at  the  bottom  of  Table  II,  from  whid 
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it  will  at  once  be  seen  that  the  error  in  nieaHurin^  the  veloeity  at 
flix-tenths  <lepth  is  in  general  only  slight  on  a  stream  of  the  general 
chanu^ter  of  the  Esopus. 

Tables  III,  V,  VII,  IX,  XI,  and  XIII  show  \\w  rosnlts  of  theineas- 

k  urements  on  the  Rondout,  Wallkill,  Catskill,  Fishkill,  'r<»iimiIo,  and 

L'Qoasat4>nic%  resi)ectively;  Tables  IV,  VI,  VIII,  X,  XII, and  XlVshow 

Ithedataobt^iined  from  the  pre(*tMliii^  tables,  aii<l  \v(mv  di»rivod  by  the 

I  tame  methoil  lis  Table  II  from  Table  I. 
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Tjlble  XI. — Velocities  in  vertical  nections  fm  Tenmile  Riiy*r  at  Thwrr  Plainn. 


D»te.... 
AKntaf 

ment 

Gicebeierht. 

Depth 

Bed  of  creek 
rind 


Oct.  15. 

65. 
7.19. 

R.8. 
Hand. 
Frefih. 


Of?t.  art. 

JJT). 
5.01. 

4.6. 
Hand. 
None. 


5r>. 
vol. 

4.S 
Kund. 
Nc»ni\ 


X.iv.  n. 

25. 

4.7.-.. 

4.4. 

Simd. 

NolM*. 


JXrection. i  DowiiKtrtwni. 


N«iv.±i. 


4.7rt. 

4.2. 

Sand. 

(4<Mltl*». 

iKiwnHtnMni. 


,  Dnith. 


Frrt. 
0.5 
1.5 
2.5 
3.5 
4.1 
4.4 
5.3 
0.3 


I    ity. 

'.  Ft.jter' 
ttec. 

2.43  I 

I      2.38  ■ 

2.31 

2.19 

2.17 

!      2.W 

2.00 

1.84 


,D.T>th.i^Yt>r 
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hWt.  I 
0.3 
.8 
1.3 
1.8 
2.3 
2.8 
3.3 


4.1 


Depth.  \';1;; 


Kt'C. 

1.10 

l.(r7 

l.(M) 

M) 
.82 
.75 


I)«'I)th.| 


hWi. 

::^ 

2.5  I 
2.» 
3.5  , 
4.3 


,  Ft.  IH,' 

I     «...     I 

.ifi  I 
.!« 

.!iO 


hWt. 

0.4  I 
.«| 
1.4, 
2.0 
2.0  j 
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:..5| 

3.»  I 


r«'l.M- 

ity. 

I  Ft.  prr 

I       O.M) 

I         .87 

I     -"^ 

.7l» 
.«7 

.<n 


Depth. 


."jO 


Ft  ft. 
0.3 
.8' 
1.5 
2.0 
2.5 
3.0 
3.5  , 
3.7 


Vol<K*- 

Jty._ 

0.H4 
'  .84 

.75 
.«7 

.55 
.49 


Table  XII. —  VeUtcities  at  regnlar  interraln  in  vertical  scrtiiniH  on  Trnmilr  Hirer 
at  Dover  Plains^  deditced  fnnu  data  in  Tahh'  XI. 

[Vol(Kntij.»H  in  feet  imt  s«s"<»nd. ; 


DvptbH  in  partH  of  total. 

0.05 

.15 

.ffi 

.36 

.45 

.55 

.«6 

.75 

.« 

.96 

Mean 

.« 


2.44 
2. 42 

2.:*J 

2.30  ' 

2.2:^ 

2.10 

2.(r'j 

2.02 
1.1»5 
l.KJ 

2.18 

2. 13 


(ht.  2»J. 

1 
<)<t.  20.     1 

Nf)V.  11. 

N<»v.  22. 

l.(K 

i 

o.iiii 

0.8l» 

0.84 

l.Oli 

.<n. 

.m 

.84 

l.W 

•^ 

.Xi 

.82 

.iw 

.97' 

.7M 

.78 

.W 

.u>  ' 

.75 

.74 

.«; 

.!«  1 

.70 

.70 

.HI 

.t»l   I 

.W 

.(56 

.73 

.88  , 

.58 

.59 

.  (r» 

.82 

..'.2 

.51 

.n\ 

.tw 

.44 

.i3 

.80 

.»1 

.70 

.00 

.84 

.Itt 

.♦57 

.08 
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Table  XIIT. —  Velocitien  in  t^ertical  sections  on  Howsatonie  River  at  Oaylordmnlle. 

Date I          Aujf.  H.                    O-t.  «♦.                   Nov.  13.  Nov.  2:^ 

Point  of  meamirement \             «».                           «).                           <«l.  m. 

Gkigo  height :».»).                       4.(ir».                       4.H:J.  4.11. 

Depth 3.M.                         4.«.             i            iS.it.  4.8. 

Bod  of  creek Gravel.                   Gravel.          |         Gravel.  Gravel. 

Wind None.                      None.  Very  stronj:.  Gentle. 

Direction | Downtrtream.  I'lj-^tit-am. 


Depth. 


Feet. 

o.an 

.30 
.8 
1.3 
1.8 
2.3 
2.8 
3.3 


VeliK'ity.  Depth. 

Velo<ity.D<«pth. 

VekK-ity. 

D« 

'pth 

VeliH-ity. 

M-r. 

Feet. 

Ft.j^er  \ 
iter. 

Ff-ef. 

Ft.  iH-r 

/< 

>«/. 

Ft.  fHT 

2. 1» 

0.5 

i.m  1 

(1.5 

3.84 

0. 5 

:ii« 

2.2:3 

1.5 

2.W) 

1.5 

3.Vtt 

1.5 

2.92 

2.25  1 

2.5 

2.85 

2.5 

3.84 

2.5 

2.81 

2.14  ' 

2.9 

2.68  ! 

3.5 

3.50 

2.9 

2.61 

2.(r7  ' 

3.5 

2.39 

3.7 

3.44 

:3.5 

2.:j8 

2.nr» 

4.3 

1.92 

4.5 

3.2:3 

4.3 

1 

1.90 

1.72  , 

5.6 

2.50 

i 

l.:35 

1 

Table  XIV. — Veiwritien  at  regular  intervals  in  vertical  sections  on  Honsatonic 
River  at  Gajflordstulle,  deduced  from  data  in  Table  XTII. 

[Velocities  in  f«M?t  per  second.] 


Doi>th»  in  partM  of  total. 


ng.  8. 

Oct.  2i». 

Nov.  13. 

Nov.  23. 

2.21 

:t.89 

3(12 

2.2:3 

2.i»7 

:<.9o 

:3.oi 

2.21 

2.tH 

:i9i 

:3.oii 

2.17 

2.90 

:t.Hi» 

2.94 

2.10 

2.85 

:i79 

2.85 

2.02 

2.77 

:3.fio 

2.72 

1.85 

2.57 

:t.:ft< 

2  52 

l.m 

2.:r> 

:{.li 

2.:J4 

1.45 

2.1(» 

2.79 

2.10 

1.29 

1.75 

2.(M 

L8l» 

1.91 

2.62 

3.4:3 

2.6:3 

1.94 

2.67 

:3.49 

2.62 

0.05 

.15 

.26 

.35 

.45 

.55 

.65 1 

.75 

.R5 1 

.95 1 

Mean I 

I 

.60 ' 


For  the  purpose  of  comparison  a  mean  (uirve  for  eaeli  of  tlie  streams 
lijis  ]>een  determined  hy  t^ikin^  the  mean  of  all  tlio  velocities  shown  in 
eacli  of  Tables  II,  IV,  VI,  VIII,  X,  XII,  and  XIV.  To  facilitate  com- 
parison, tlie  data  for  tliese  mean  curves  have  ])een  expressed  in  per- 
centages of  the  mean  velocity  in  a  v(M-tical  section,  and  an^  shown  in 
Table  XV,  the  total  number  of  curves  Ixun^  78.  \\y  tliis  arrangement  a 
figure  in  the  column  greater  tlian  lOo  shows  a  velocity  greater  tlian  the 
mean  in  the  vertical  sect  ion  being  considered,  and  a  velocity  less  than 
1(K)  shows  a  velocity  less  than  the  mean.  Th(»  mean  curves  have  been 
plotted  in  fig.  2.  It  will  l)e  seen  from  th(ise  curves  tliat  the  general 
charact^M'  of  the  vertic^il  velocity  curves  is  much  tlie  siime  in  each 
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caae,  Hhowing  fairly  conclusively  that  wc  may  propliesy  as  to  the 
general  character  of  the  vertical  velocity  curiae  in  natural  streams 
with  steep  banks  and  from  smooth  to  moderately  rou^li  lM)tt<)m8,  and 
depths  of  from  3  to  8  feet.  It  will  Ih»  noted  that  thr  ratio  of  the  mean 
yelocity  to  the  surface  velocity  varices  from  U2  per  (*ent  on  \\w  Fishkill 
to  82  per  cent  on  the  Catskill,  and  that  the  maximum  v(»l()<Mty  of  these 
streams  varies  from  13  to  25  iK»r  cent  gn»ater  than  the  mean,  and  that 
at  no  point  do  all  of  the  curves  fall  so  closely  to^etlu»r  as  at  six-t<»nths 
depth.  At  that  point  the  greatest  variation  from  the  moan  is  2^  i)er 
cent.  This  shows  that  the  measurements  made  at  six-tenths  <lepth 
were  subject  to  less  variation  than  those  made  at<  any  oth(»r  point, 
and  that  in  general,  on  streams  of  the  eharacler  here  repn»s<MiUHl,  a 
measurement  made  at  that  i)oint  would  represi»nt.  approximately  the 
mean  velocity  in  the  section.  It  will  be  not^'d  that  iioiu^  of  the  curves 
cross  the  line  of  mean  velocity  at  a  greater  (h»ptli  than  o.(;;{,  nor  at  a 
less  depth  than  0.56,  showing  that  the  jioint  of  mean  velocity  on  these 
streams  lies  between  these  two  depths. 

Table  XV. — Averagers  of  velocity  cnn'vs  e.rprcssvd  in  tmna  o/  mron  rcIiK'itf/  iit  a 
vertical  HCcI ion  {rvpn'Hvntcd  os  Kfo), 


RtTMin 

Baopnfl. 

Ron- 

dtrnt. 

No.  of  velcMrity 
cTir\*eH. 

12. 

8.   ; 

1 

20. 

i:i 

Bedof  strvam.. 

Small 
jfTOvel. 

Bowl- 
den.  ) 

1 

AVIT- 

Rjwl- 
derH. 

Mean  depth 

6.5. 

..:.    1 

5. 8. 

6. 

Depth    below 

Hurfa«M»    ill 

' 

parts  of  total: 

1 

OMfi 

118.6 
ia).8 

1I5.W 
116.6 

118.8 

117.0 

.15 

110.6 

.» 

118.9 
115.0 

115.5 
112.7  ! 

117.3 
113.0 

1 IH. :, 

:ii 

115.0 

i'l 

IIW.H 

KK)  4  1 

100. 3 

111.7 

.  .v> 

l(t>.a 

HM.8 

1(«.5 

luvu 

fir, 

W.4 
X5.5 

1*8.6 
89.7  1 

W.4 

87. 5 

\r,.:i 

.75 

>*4\.  H 

.K> 

74. » 
tfO.3 

77.8  ; 
5«.0  1 

KIO.O 

76.  :i 
50.  7 

1(10.0 

72  s 

.05 

:>i:i 

Mt«n 

1U).() 

Jiio.o 

m 

W.» 

101.7  ' 

100.  :i 

101.  s 

Wall- 
kill. 


Silt. 


CutH- 

kill. 


P^iHh- 
kill. 


iiiiU'. 


Hou.sn-  AvoruKu 

toiiir,    rifulltno 

,  HtroamH. 


Small    Lur>;t» 
I  jrrftvel  j^nivel. 
,    and 
r<H-k 


78. 


Sand,   (fnivol.  Various. 


:i.  L'. 


:{.:. 


5.07. 


11J».7 

1 
iiii.r 

110.7 

i 

1 
1 1»;  s 

1U.4 

117.0 

1 IH.  t 

l:>4.s 

li:{.T 

115.  »J  1 

111. 3 

117.0 

115.4 

121.  s 

li:{.4 

ll:;.7  , 

iia.o 

1 16.  a 

111.6 

116.5  ' 

lll.:{ 

101*.  0 

112.4 

113.2 

J07.  1 

iiRt.: 

I0S.2 

uu.u 

10'.».5 

lOJI.O 

lo-i.r. 

101.5 

im.o 

100.1 

1U5.0 

n«.6 

\H\.  :i 

I'L'.  5 

os.:{ 

OV5l 

•.»T.  4 

iI6.5 

S'.l.  0 

Sl.!» 

'.M.O 

,'>!♦.!»  ' 

si». :{ 

87.9 

',s,  I'l 

TO.; 

sl.ri 

,s:{.:{ 

:«.».  7 

77.2 

«-.l  1 

.Vi.'.t 

i'ts.  :i 

71.  i» 

•i-l,  1 

61.4 

IllO.II 

l'.0.(l 

1(X).() 

l(NI.O 

loo.<» 

1(10.0 

100.26 


In  Table  XV,  under  the  headiiijj:  ''Av<Mageof  all  the  streams,"  the 
mean  velocdty  of  each  depth  given  in  tlie  Uible  is  shown,  and  tho  curve 
representing  this  mean  vertical  v(»locity  curve  is  platted  in  fig.  3  as  a 
solid  line.  This  curve  repri^sents  the  mean  of  78  verti(^al  veh)city 
curves,  the  mean  of  the  vertical  velocity  curves  \Aa\,\i^OL  \\\  ^^.  '^l. 
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It  will  be  noted  in  thin  curve  that  the  relation  between  the  mean 
velocity  and  the  surface  velocity  is  87;  that  the  maximum  velocity  is 
18  per  cent  greatePthan  the  mean,*  and  that  the  point  of  mean  velocity 
is  almost  exactly  at  six-tenths  depth,  the  variation,  as  shown  in  the 
last  column  of  Table  XV,  l)eing  about  one-fourth  of  1  per  cent.  This 
shows  clearly  that  a  measurement  made  at  six-tenths  of  the  depth  of 
a  stream  having  the  general  characteristics  of  those  considered  will 
in  general  represent  closely  the  mean  velocity  in  that  section. 

To  show  the  relation  between  the  velocity  at  mid  depth  and  the 
mean  velocity  in  a  vertical  section  Table  XVI  has  been  compiled 
from  Table  XV.  From  this  table  it  will  be  seen  that,  upon  streams 
like  these  l)eing  considered,  if  the  mid  depth  is  known,  the  mean 
velocity  in  the  vertical  section  may  be  found  by  applying  a  coefficient 
of  0.04. 

Table  XMT,— Relation  between  velocity  at  mid  depth  to  mean  velocity  in  a  vertical 

section. 


StrcBin. 

Velocity  at 
mid  depth 

expreflsed  in 
percentage 

or  the  mean. 

Coefficient  to 
be  applied  to 
velocity  at 
mid  depth  to 
obtain  mean 
velocity. 

E801)U8  -  _ 

106.4 
108.8 
104.9 
105.6 
106.1 
102.6 
107.2 

0.94 

Rondont  _ . 

.92 

Wallkill... 

.95 

Catskill 

.94 

Fishkill 

.94 

Teniuile 

.97 

Honsiitonic 

.93 

Average 

106.3 

.94 

Humphreys's  and  Abbott's  observations  on  the  Mississippi  River 
gave  a  coefficient  of  0.08,  while  Ellis,  on  the  Connecticut,  found  0.94, 
and  Wheeler  and  Lynch,  on  the  Merrimac  flume,  found  0.05.  It  will 
be  seen  that  there  is  a  variation  of  5  per  cent  on  the  streams  being 
considered  in  this  pai)er,  and  that  the  results  of  Humphreys  and 
Abl)ott  on  the  Mississippi  and  Ellis  on  the  Connecticut  vary  from 
each  other  by  4  per  cent,  although  the  rivei*s  are  both  large  and  have 
somewhat  the  same  characteristics.  In  view  of  these  facts,  it  seems 
that  it  is  somewhat  better  to  measure  the  velocity  at  the  point  of  mean 
velocity  than  to  measui*e  the  velocity  at  mean  depth  and  apply  a 
coefficient. 

It  is  very  evident  that  the  character  of  the  bed  will  affect  to  some 

extent  the  form  of  the  vertical  velocity  curve.     A  rough  bed  would 

be  expected  to  retard  the  velocity  near  tlie  bottom  of  the  stream. 

None  of  the  streams  under  investigation  may  be  considered  to  have 

extremely  rough  beds,  but  by  comparison  the  beds  of  Rondout  Creek 
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and  Housatonic  River  may.  be  said  to  be  rough,  whili*  fhoHo  of  the 
Wallkill  River  and  Teumile  ('reek  are  smooth  at  tho  point  of  iiioHHure- 
ment.  Part  of  the  l)ed  of  the  Ksopus  is  rou^h  an<l  part  Hinooth.  In 
order  to  determine  the  effect  of  the  variation  in  i\w  ImmIs  on  lh<»  How, 
the  results  in  Table  XV  have  Iwen  elassifuMl  in  Tabl<^  WII  into 
streams  with  rough  and  snuNith  bottoms,  tiio  Uondont,  lIousat<mie, 
and  part  of  the  curves  on  the  Ksopus  bein^  in  the  first  c^olunin,  and 
the  Wallkill,  Tenmile,  and  remaining  observations  on  the*  Ksopus  in 
thesecond.  The  results  shown  in  those  two  cohimns  hav(»  Imhmi  plotti'd 
in  fig.  3. 

It  will  be  seen  that  the  rough  bed  (*ausos  a  dra^  at  t-ho  1ow<m*  end  of 
the  vertical  velocity  curve,  due  largely  to  eddii»s  forin<»d  at  the  l)ot- 
tom  of  the  stn^am.  This  retanlation  of  the  water  near  the  ImhI  of 
the  stream  cauM^s  the  point  of  nu^an  veloi*ity  in  th<»  vi»rti(»al  stiction 
to  rise,  and  a  measurement  of  velocity  made  at  ().(»()  depth  will  there- 
fore be  too  small.  With  a  smooth  bed  a  nieasun»inent  made  at  0.r»0 
depth  will,  in  general,  be  too  large,  the  filam(»nt  of  mean  veloiuty  IxMUg 
nearer  the  surface.  In  other  wonls,  in  making  a  measun'ment  of 
mean  velocity  in  a  vertical  section  the  meter  should,  in  general,  Ih) 
suspended  above  O.CO  depth  in  streams  of  rough  bed  and  below  O.OO 
depth  in  streams  of  smooth  bed.  In  the  rivcM's  here  considered  the 
variation  of  roughness  of  beds  is  so  small  in  the  difTei'ent  streams 
that  the  error  in  assuming  the  velocity  at  O.OO  depth  to  bo  the  mean 
velocity  in  the  vertical  section  would  not  be  great,  but  in  streams  of 
very  rough  beds  the  variation  would  be  more  marked. 

Table  XVII. — Relation  Itetivccit  vel(H*iti('s  in  lyrfiml  Hcrfinns  irith  HtntHtth  and 

rough  bottoms. 


IX»pth  1>elr»w  surfai'M  -in  juirts  of  tolul. 


0.05 

.15.    . 

.25 

•35 I 

.45 

.55 

.85 

.75 

.85 I 

.95 ' 

Mean .-.     

.eo 


torn: 
Esoims,  Wall 
kill.TeumiK 

1    KoiiKh  lK)t- 

tom: 
Kr)iKl<>ut,Hou- 
i       Hatonic. 

V('Un'ittj  iu  nrr 
n'nfat/*-nf  thr 

I  'thM'ity  in  IXT- 
rrnttuteofthe 
ituan. 

UH.T 

U6.3 

lis.s 

117.0 

llO.ri 

110.0 

irj.4 

118.H 

107.  r, 

110.;j 

10-2.0 

10.-).  :J 

ir).  { 

97.7 

S7.H 

88.  :j 

7H.1 

76.5 

m.  0 

58. » 

1(K).0 

100.0 

\«^.v> 
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FI.OW  OF  KIVER8   UNDER   ICE,  SMOOTH  AND  UNBKOKBl 

COVER. 

It  is  frequently  desirable  to  measure  the  flow  of  rivers  and  canal 
when  they  are  covered  with  a  coating  of  ice.  It  is  quite  clear  tha 
the  same  relations  in  various  parts  of  the  channel  do  not  hold  goo 
when  the  channel  is  covered  with  ice  as  when  tlie  surface  is  opei 
The  friction  l>etween  the  water  and  the  ice  retards  the  surface  veld 
ity,  and  it  is  possible  thai  in  a  few  cases  the  river  may  flow  under 
head  if  the  ice  cake  is  heavy  and  held  firmly  in  position.  In  makii^ 
measurements  of  the  flow  of  a  river  wlien  frozen  over,  floats  can  nfl 
be  used,  and  in  general  a  current  inet^^r  is  the  most  serviceaM 
instrument. 

Distamre  from  abutment  in  feet— 
30        40        50        60        70        80        90       100      110       liiO       190     UD 

T 


Pio.  4.— Cross  section  of  WallkiU  Rivor  at  Now  Paltz,  showing  ice  cover  and  curves  of  eqn 
velocity  in  river  channel.  (Note.— Meaaurements  taken  January  2ii,  IflUS;  117  measurements  < 
velocity  being  made  with  the  current  meter;  mean  velocity,  3.23  feet  per  second;  diHcharg 
fi,063  second-feet.    The  dotted  lineiflhows  the  position  of  mean  velocity  in  the  vertical  sectioa 

During  tlie  winter  of  11)01-2  observations  to  determine  the  chanf; 
of  velocity  in  a  vertical  plane  below  the  ice  were  made  on  Wallkil 
River,  and  Esopus,  Rondout,  and  Catskill  creeks,  and  the  data  coi 
lected  are  presented  in  the  following  tables/'  The  observations  wei 
made  by  cutting  holes  through  the  ice  large  enough  to  admit  a  curren 
meter.  The  thickness  of  the  ice  in  each  case  is  given  in  the  tabU 
and  the  fact  that  the  water  rose  in  most  cases  to  a  point  about  flna 
with  the  surface  of  the  ice  shows  that  there  was  some  pressure  upo 
the  flowing  stream.  It  may  be  of  interest  in  passing  to  note  the  dn 
tribution  of  the  velocity  in  the  cross  section,  as  shown  in  fig.  4,  th 
result  of  the  gagings  made  on  the  Wallkill  River  at  the  New  Pall 
gaging  station,  January  23,  HK)2.  The  total  area  of  the  water  se^ 
tion  was  1,880  square  feet,  the  m(?an  velocity  3.23,  and  the  discharg 
6,003  second-feet.     Oik*  hun<lred  and  seventeen  measurements  wei 

aTbetie  ohHorvatioiiH  wero  mtde  incidental  to  the  0L\HchaT\5«  meaauT^uieutB  of  the  streams. 
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nade  with  the  current  meter,  and  the  points  »re  pUtted  in  the  figure, 
the  velocity  iii  feet  per  second  being  note<l  besi(h»  eacli  i)oint.  The 
mean  velocity  in  feet  per  secon<l  in  a  vertical  socrt ion  is  shown  by  the 
figures  across  the  top  of  the  section.  A  dotti'd  lin(»  showing  tin*  i)osi- 
tionof  the  mean  velocity  in  th(^  V(»rticHl  s<H'tioiis  hjis  been  drawn  on 
the  cross  section.  It  will  ]m  seen  that  the  inaxinuim  velocity  (K»curs 
near  the  center  of  the*  channel,  and  at  alM)ut  mid  depth,  and  that 
the  effect  of  the  k^.  covering  is  to  form  a  covered  flume,  the  curves 
of  equal  velocity  being  much  the  same  as  have  bei»n  plotted  occasion- 
illy  for  such  flumes.  The  water  just  Indow  the  ice  is  so  retarded  that 
there  are  two  point-s  of  mean  velocity,  as  shown  in  figs.  4  and  5. 

In  the  following  tables  are  given  the  results  of  measurements  made 
in  vertical  sections  upon  the  above-mentioned  rivers.  Thew^  measure- 
ments were  made  with  a  single  meter,  the  velociti<»s  being  taken  at 
intervals  of  from  1  to  2  feet,  these  distances  being  shown  in  each  (^ase 
in  the  table.  Tables  XVIII,  XX,  XXII,  XXIV,  and  XXVI  show  the 
velocities  as  determined  by  actual  measurements.  At  the  head  of  the 
tible  are  given  the  date,  distance  from  initial  point  of  sounding,  gage 
height  at  the  time  of  measurement,  total  depth  of  the  river  (includ- 
ing ice),  the  thickness  of  ice,  and  the  depth  of  water  uiuhM*  the  ice. 
In  every  case  the  depth,  as  given  in  the  b(Kly  of  the  table,  n»f(»rs  to 
the  depth  of  water  under  the  ice,  tlu^  lower  surface  of  the  ic(»  being 
cdDsidered  as  zero,  and  the  distances  being  measured  in  feet  and 
tenths.  Where  not  otherwise  stated,  the  ice  was  smooth  on  th(i  lower 
side.  Some  curves  were  made  with  ice  broken  and  tilt^nl,  but  the 
resultswerequitedifferentfromthoseobtained  with  smooth  ice,  and  the 
results  have  been  given  in  separate  tables  (XXIX  to  XXXIII).  The 
retartling  influence  of  the  rough  ice  was  decidedly  grcat(»r  than  that  of 
the  smooth  ice  and  is  so  variable  that  no  law  can  be  formulated. 

Tables  XIX,  XXI,  XXIII,  XXV,  and  XXVII  are  derived  from  the 
preceding  tables  by  platting  the  vertical  vc^locit y  curvi's,  as  shown  by 
the  original  data,  and  taking  from  this  curvt*  tlie  v(»locities  at  regu- 
lar intervals,  one-tenth  of  the  depth  apart.  Tin*  sum  of  these  veloci- 
ties divided  by  10  will  give  the  mean  in  the  section. 

In  Table  XIX,  and  the  others  of  a  similar  character,  a  column 
has  l>een  added,  headed  *'Per  cent  of  nn^an."  The  figures  of  this 
column  an^  obtained  by  dividing  the  corr<»sponding  ligurcs  in  the  adja- 
cent column  by  the  mean  velocity,  which  reduces  the  data  for  each 
velocity  curve  to  a  similar  curve  whose  mean  is  lon,  and  as  the  depths 
are  then  expressed  as  percentages  of  total  (h^pth,  and  the  V(»h)cities 
as  percentages  of  the  riiean  velo<*ity,  th(»  comparison  between  the 
curves  is  facilitated.  In  all  cases  for  which  tln^  data  are  included 
within  these  tables  the  ice  on  the  surface  was  smooth  both  on  its 
upper  and  lower  faces.  The  few  velocity  curves  taken  at  times  when 
the  ice  was  broken  and  tilted  are  shown  in  separate  tables. 
IRK  76—03 i 


50 


FLOW   OF   BIVEB8   NEAR   NEW    YORK    CITY. 


[50.T 


Si 
o 


St 

I  i   ^ 

\2      ^ 


> 


n3 
CQ 


i  ^^^^i< 

XlT30l«A 

S 

s= 

$  8  S  ^ 

d    CC    «    91 

l^5^|-HP--*-««'#''<.-r^^ 

^ 

~  U  s=  =  K 

ind^ 

S;  d  ^  *i  h:  .«  t-  * 

»o  c 

0  e; 

•0  p  00  10 
S2  12  J5  2 

1 

i 
^ 

=■  5  '^  ^-  -^ 

^-  tl  s  =■  s 

X|poi*A 

-J    -•    0*    X     "♦    «    '*'    O    »-"     <=    «     •»    •    ••'5 

! 

d    i^.i*% 

X)f»OTDA 

^  C'  ^  «   ^  sj  t-  a 

04  a   oc      j 
hJ  cc   «      ;      ; 
t.  «o  ks     ;     : 

d  2J  2    :    : 

3     *  U  =5  <d  S 

nnd«a 

1  ^nn 

^S,K  *i  pe  K  »  «  «  « 

*t   d    p^    »i    «    .«    1-    X 

i*  S£  s  rt  5  s  s 

«•  ec  «  CO  ce  d  9i     1 
w  *i  c   c  X   1-  10     ; 

g£         C         ^         "W         '>»         ??         >*               1 

1  *^5is 

2 

s 

CO 

1- 

tndaa 

S,  d  ^  9*  ic  t^  »•  ;: 

--. — 

— 

53 

1 

i^ssn 

I 

ol 

2   SJ  «   o  ^ 

AiiaoieA 

g      --  I-:  '-  r-  « 

■tiidaa 

^dFJ«JccH:»o« 

!   *!     ^  ^  £  ^  ^ 

i*!«*ieA 

^a,*  d  rt  1,;  ^  ^    * 

- 

it*daa 

>:  »  05  a:  P5  »  «r 
l«i  d  .4  ««  ee  ^  ^i 

g   ^  S  -  -  « 

1  *22s=^ 

-«lti»o|9A 

^ysssy  j  1 

jj   Rj  r9  oc   -c      S     r 

^  d  ^  «■  ti    1    : 

mdoQ 

X1|J0|9A 

jj  n   P9  CQ  «  o   t« 
Es  d  ^  «  «   h;   Hj 

Visi  =  ^  i  p^  : 

»*  6.  *   8i   »l  *i   oi  oi      ; 

mdaa 

'-fipcusA 

«:    BC    X    <K    QO    t«       i 

t;  d  «  HF  d  00    : 

KS,*  ^  e5  rt!  oi  «  ^ 

qidaa 

^'  X   »  «  «   9e   q 

e  d  «  -^  d  ^  :3 

Xif.iopA 
■qidati 

*<  i.*   w  cf   eri  ^  ai   rJ 

-J    *    *    DC     *    «    » 

£  d  w  *  d  «  S 

- 

1 

W       r           !           *           '1 

I     !     I     '     I 

!  3  5  «  1 

sell 


PLOW   OP  RIYEBS   UNBEB  ICE. 


51 


I  $  ?^  »  r  « 

\£|poidA 
■q^daa 

- 

- 

- 

- 

1-5    '  ,^  e  *•  OS 
\    5  5  «  o  « 

«jSiOOioo*eo 
^  d  o'  ^  ^  9i  9i  OS 

1    *  j^  t-  •»  i« 

i     ^  .  .   . 

.     5  g  c   c   c 
i    s  ,,  «  ^  « 

£  5  s  -=:  o  ^ 

ifjdaa 

«.:  oe  K  »  «i  «  «     > 

C.     d          ■     U     ^     R     V          I 

«i  d  d  --J  •«  «  "♦  •« 

^  t  c  s  3  g;  g  ?i  b-   : 

1      -  e^   *   -   «- 

1 

■     .      5  £   -3   o    «      1 

i                                        qvlea 

«J  00  o  o  o   o  o      '. 

s,  d  rH-  oj  ^  d  I-    : 

*;  PS  o  a  (i  o     :     i 
i«i  d  w  e^  uj  d    :    : 

- 

?  5  ^  :s  '^^  ^ 

x«-,«A  cussisa!^-! 

J     =ai  2  -  2 

►1 

•«o«^       s;S5S:^2S2 

- 

- 

1  *isss  ■'"^' 

*J    «    la    le    to    kO    irO        ; 
Hi    d  f^  «   1^  t-    d      ; 

]  $  ^  *  ^:  *: 

i  *  •  »  -  fc-: 

•.fi;|ooi9A 

■^i  **i*  w  «  «  «  04  iH      ; 

•q:>dea 
l^poioA 

^   «  CO   od   »   »  »     j 

^     d    -r-i     O'^     '^    40    t^        ' 

- 

- 

- 

1  ^i^sr: 

«t  H^  «-t  ej  fti  «  1^  r-^     ; 

niVM.f/'unf                                 -J^      ^      S      '06      W      S9       W            1 

1*'*^         S  6  ^  «  ^'  ^  t^   ; 

i 

— 

1  ^i::^s 

- 

?  £^^«:^ 

71    'Tl 

i     -  ^  2  =^  S 

■q»«aa 

^    I,    I-    ^    P-     *    iC3    '*i    *    «     »     =     * 

&,diHmu5daiS;:;ES3^ii 

5 

^     3  S  =<  X  « 

-.f  liwtfiA  1 

7i 

i    -^  ti  s  =  - 

'tn*i»a 

-J    5Q    M    ^1    =     t-     -*     ^    =« 
W<d^*l-**15*-*2 

ia    «»    9: 
J^    i    P 

i^ 

1^ 


S       S  jj   1^   o   Ji 


•^;poi9A  I 
■Ti;doQ 


if 


*i  o  ♦-< 


5;  ^  w  ^  «i  8  S 


^*    -^     ■^    -^    ■<*    "^    TO 

t£i  fK    Vj   -r    ^ 
«    -*    ifl    I-    (i 


CO  d 


73     -^ 


2    ♦*    73    -^    a    to 
^    ^     rl     r^     Pi     p^ 


52 


FLOW   OF   RIVERS   NEAR   NEW   YORK   CITY. 


[NO. 


I 


I 

1 
I 


.1 

i  i 

k  K 

^  t 


S 


1 

■XipopA 
■ireain  jft 

1 

s 

eg 

■^Poi»A 

8 

i 

sg§l§gaga« 

§ 

'i^^popA 

^a5  ^  ^  ^  -•   *   -*  ^   nj  rf      ^ 

i 

*^»|gagggg«  § 

■X|j3O[0A 

@     1 

^ 

^£ipo[eA 

^SgSSnnS** 

g 

1 

rt 

S 

1 

-DWW  JO 

sEgSSSSS^^® 

1    ; 

S 

si  ■ 

1 

-nmm  jo 

Cf     .4    ^    ^     ^     r^    ^        ■        ■        * 

si 

1 

§    i 

-X;|aoi9A 

o*  ^^  ^  ^  ^  ^  ^    ■     '     ■ 

H 

s 
1 

-n«mjo 

^gSBSSgsis 

§ 

-iipoi^A 

g|£S5ae3!<,r^£$ 

€ 

-Qimu  JO 

«E    «    91     W     9^    «j     «    W     M     r-^ 

5 

d 

isssgasags^j 

i 

,^ 

■UpotSA 

9   1 

-»   1 

[     UV^ttt  JU 


gSSp5S^*''-^iI 


I  I    **  *s  =^  ™  =^  '•   -*  *>»  «^  ^  :  »* 

ineo  aod  ri  th  ;5  »-<  r-i  ri  !  r-.     . 


!  "  I 


•^^IJX»ieA 


W;S8S2fe$ie5:SSS 


»l»JCC9:«»l»l»l<>lri9J 


I 


5h 


Is 


8^lS2g$:SSil3£S 


g 
S 


»T.l 


[JO 


FLOW   OF   RIVBRS   UNDER   ICE. 


I  JO 


o J  d 


AllOOHA 


I  JO 

Xi}Oois»A  j 
awkoz  JO   I 


i       -X^I^HA 


I 

I 

e         jCji.joiaA 

1 

.         atmn  jo  ' 


S  'x  S  S  S  S  S  5  n  S 

ff  g  S  8  g  S  ':£  J€  S  g     $ 
o    ■  r-;  ^ d 

xSgg52g8i*3    8 
2^  S  R  ?i  §  S  15  R  2|  g     33 

5g«Sn2»32r:|8 


-C»j.^>loA 


"  r.  =  ^  ^  -^  :5  S?  5  S  i  5! 

— i   r^   ri  Ti  ?«  T*  "W  ^  w*  ^      *i 


S 

•-a 


I  JO 

I    -fi^poioA 


sssssil*^^- 

1 

J^S5Si:S5S8JS$S 

3 

f-i»l9l(»)9l<»l'>l9l^'- 

CI 

$i2t:S^5Si^     8 


-X^f-KitaA 
-ov^ai  JO  I 

•XjpooioA 
-aiKxa  JO  I 


3  g  £  ;s  s  2  8  5  3j  3:   n 

^  £  ^  i:  i$  r,  2  •£  It  5     ?: 

feS8nSi£   =   g5r:      8 


J|        •j£i|.'x>i«A 


g;    ;  ^a.*.»  j«>a 


-J[%tmn»x     ^  ^.  ^.  ^  '^  '^i  r  =. 


'ovonx  JO 
4         -.CaiooiaA 


4 

sM 


I 


3?  l^  S 


J?  ??  S  8  .*.  i+  x     bi 


X 

^|£5S5S^^^ 

B 

1 

*  \H|OOii>A 

cs^3^a«ugg?i 

-3 


3       ? 


I 


3E5SS:j:5S3SgS!|8       | 
S|§2g2g|$rt||      g 

g  s  s  fs  ?!  g^  sj  0?  ^  :  Si 

.*  g  g  ::  S  ::  8  .^  S  f€  I  8 


&3 


u 


FLOW   OF  RIVERS   XEAR  NEW   YORK   CITY. 


I 


«  o  « 


!  5 


I 

I 


1^* 


M  a  o»  a»  o»  o»  a» 
o  c  •-;  «i  eo  "♦  »o 


t    &  V;  8S  S  fi  S 

5.C  c  ^-  ^-  ^  ,4  ^• 


3'  d  S  H  "T  ® 
•  ^  oc  O  00 


8  ^  S  S  o 

^   le  lo  d  •« 


8^  s  s  «; 


ft  d  3  »  «  <=> 

©  ^  Oft  d  d  « 


1^ 


«  *  ^  *-. 

,<5  »o  o  »o 


55'  13  »  ••  d 

^    t^    ^    (O    fC 


•  90  09  n  CO  00  to 
))  d  «-4  9)  00  ^  d 

4 


•    OOCOOOOOOOOOOOiO 
V    d    r-<'    9«    00    ^   d    d    t-^ 


^i  =  -•  -  -  - 


<S  ■ 


_^.    lO    lO    lO    O    lO    lO 
J;    d    .-I    «    00    00    -«I 


3 

s 

»«V^'    d        •    ^     r^     ^     r-:        '        '  C 

_  ^     w  ^    rm     ^    r^ 

■^_ , I 

.iOiO»0»0^»OCO«  .o 


o 

i 


i 

I 

>_ 


^^  ^  ^ 

t  S  S  S  S  S{  € 

^\^  9i  as  oi  9i  vi  rA 

^.  io  lo  •©  le  »e  lo 

V  d  rH  »i  CO  '♦  d 

^   Id  ^  S  S  '»  S 

l«^ 

.  00  9>  M  0<  M  M 

1  d  ^  91  CO  ^  d 

^ooooweowcorH 

II 


«T.) 


FLOW   OF  RIYEB8   UKBEB  I0£. 


hi 

«9saa§is8« 

§ 

if 

1 

ESSSSSSSi^S?    s 

d    ■    ■  -J    

1 

£2       S  $  $  =2  S  »  8  S  «-S  Is 


I 


*  I 


u  ^  ^ 

i  leS 


I       ::i       ' 


1 


^SSSSSV:^;:!:^^ 


ssssssss^-i'-j  8 


;sss$ssssss2 


I 


I 

> 


$8g«2;s;2;ssss'8 


o    ^    ^    ^    ^    ^    ^ 


5    i 

1 1 
%  J 


III 


I 


^ 


.5      5 


J      s 


11 . 


S(;SSi:258SSS 


f    ^ 


't 


1 

fri    M    CO    CXS    00    »i    »i    Oi    0^    ^ 

s 

^ 

A 

H 


Sf 

I 


3 
e3 


a 


5gg»3*3S88Sr:8 


^§1 


1 


lo£28SS$S!3 


SSSS8&8$Srt 


ia 


I 


I 

I 

I 


»9USS9-iis 


i 


o* 


66 


<§ 


i 


2 


FLOW    OF   RIVERS    NEAR   NEW    YORK    CITY. 

S  S  ^  S  !c  ^ 


.  o  s  r  «:  r 
I  5  ....  . 


^  g  ^  *;  •*.  r 

IS  *  X  »-  ^  * 


«•  a  ^  "=.  T  ''. 


.  -.;  £S  »'  »^  9* 

^  81  3  I-  ^  « 


^  c  S  ®  *»  * 

g  »  ,^  .^'  c  • 


.!_ 

►>  i 

t  i 

^  I 

i' 

•S 
^> 

I 

A. 


I    ■ 


^  ^  e»  06  o»  e»  06 
S>  c'  d  .'  ♦»  ec  -♦ 

1^ 

•  CO  O  Oi  OA  06  O  06 

V  d  c  1-J  -ji  CO  -^  »rf 


1^   ."^  s  8  s  s  gs 

^o  ^  ^  ^-  ^  ^  ^ 


V  d  ^  »»  «s  -♦  »o  cc 


t  S  V;  3  3 

1^ 


-V  d  r4  ^  ^-  ^ 


1 

00   lO    »o    »c 
d    »-i    -N    CO' 

«o 

1- 

•A 

i« 

^  ^  ^  ^ 

r-i 

r 


I' 


QO  00  CO  CO  CO  CO 

d  04  CO  <•<:  US  d 


d  »  s  »«  »»  «1  I 

5  *  ,j  «  o  • 


I 

I 


1^     8  S  '^  S  Sg  B 

^J  ^  ^  ^  ^  ^  .• 


•  QO  X  OO  OC  %  OC 

^  d  1-i  oi  CO  -^  »ft 

«1 


«  8  ^:  S  ^  2  '  ^— ' 

Q)  ^^  ^  CD  O  CD    -  ■■: — 


I  S  R  S  ^  tg  :3 


•  00  CO  00  CO  ^  06 

V  d  I-;  oi  00  -^  »« 


i  5 


8  -H  H  r 


^ 
1 
I 


I  S  ^  i::  n  S  S^ 

rg  o 

r 


.  '^  '^  '^  '^  to  « 

^  d  i-J  >i  CO  -^  id 


i 

^§1  i  ^ 


FLOW   OF  RIV^BS   UNDER  lOK. 


57 


^   55.Sa!5  4c«iS2?« 


3i£  =  n  =  »2^'x-r: 


5  S  is  S  ic  3  I?  5  i»  4£  :^ 


$S5;ssr:«3tS2^ 


S  S  SS  S  U  w  5  V;  5  r:  5j 

I 


p. 
i 


t    J 


fl  2 

•^ 

»<  S 

d 

.2^ 

« 

•-a 

*i? 

>i; 

c  c 

§  s 

« 

^£ 

V 

ou^ 

S  2i  iz  2  ;:  *  g  S  5?  r-  = 


^ 

H 


g  ^  !£  5  =  |Z  -5  5  i   ?L 


(io 


>»    .-I  X  t^  «  »it  w  I-  2i  »2  •'^   "^ 

♦»      X  «  I-  i-  I-  I-  -c  ■£  «-'t  -*    - 


X 

3 


I 


^ 
^ 


:?  I 


S  S  «  iS  ^  :i5  'e  ."3  ^  £ 

ci 


58  FLOW   OF   RIVEBd   NEAR   NEW   TOBK   CITY.  [hoiT 

T.\J3IJB  XXrV. — Velocities  in  tyertical  sections  under  ice  on  CaUkiU  CreA,^ 


Date 

Feb.  27. 

Feb.  27. 

Feb.  27. 

Feb.  27. 

F^b.27. 

Station 

23. 

23. 

30. 

10. 

60. 

Gage  height 

4.»). 

4.96. 

4.60. 

4.  TO. 

4.8a 

Total  depth 

4.1. 

4.7. 

4.5. 

6.& 

4.7. 

ThickneiiBof  ife.. 

.7. 

.5. 

1. 

1.2. 

1.5. 

Depth  of  water 

3.4. 

4.2. 

8.5. 

4.6. 

&2. 

Depth. 
FWt. 

Ve- 
locity. 

Depth. 

Ve- 
locity. 

Ft.per 
aec. 

Depth. 

Ve- 
locity. 

Diepth. 

Ve- 
locity. 

Depth. 

lodi 

Ft.per 

Ji^et. 

F^t. 

Ft.per 
sec. 

F^t. 

Ft.  per 
aec. 

Feei. 

«.l 

m 

0.4 

1.37 

0.3 

1.50 

0.8 

1.42 

0.8 

2.81 

0.8 

.9 

1.57 

.7 

1.94 

.5 

1.84 

.7 

2.41 

.7 

1.4 

1.57 

1.2 

1.96 

1.0 

2 

1.1 

2.44 

1.2 

1.0 

1.40 

1.7 

\.m 

1.5 

2.08 

1.0 

2.47 

1.7 

2.4 

1.1« 

2.2 

1.79 

2.0 

1.91 

2.1 

2.44 

2.2 

2.0  I      1.0 

2.7 

1.62 

2.5 

1.74 

2.6 

2.8B 

2.7 

1 

3.2 
3.7 

1.37 
1.07 

a« 

1.55 

ai 

8.6 
4.1 

2.81 
2.14 
1.80 

i 

1 

"  B<^d  ot  fltream  ro<«k  lodgt^  from  0  to  .'Ki,  with  gravel  and  silt  over  remainder  of  bed. 


Tablk  XXV. 


Depth  in  fwt. 
0.05 

!       Pel 

Veloc- 
ity. 

''    li>4 

.15    

.25    

1.42 
1..V) 

.35 

.45 

1      1.60 
1.56 

.55 

.65 

1.48 
1.34 

.75 

.K') 

1.19 
1.01 

.95 

Mean 

.81 

l.:i2 

-  Velocities  at  regular  intervals  in  vertical  sections  on  CcUskiU  On 
under  ice,  deduced  from  data  in  Table  XXIV, 

[Velocities  in  feet  per  second.] 


Veloc- 
ity. 


1.21 
1.85 
1.96 
2.04 
2.08 
1.95 
1.85 
1.72 
1.55 
1.32 

1.75 


.  27. 

Feb 

.  27.        ' 

Per 
(*ent  of 
mean. 

Veloc- 
ity. 

Per 
cent  of 
mean. 

94 

1.45 

92 

108 

1.82 

115 

117 

1.95 

123 

121 

1.91 

121 

118 

1.86 

118 

112 

1.75 

111 

102 

1.60 

101 

«0 

1.42 

90 

77 

1.19 

75 

61 

.85 
..58 

54  i 

100 

100  1 

.27. 

Feb.  27. 

Feb.K. 

Per    1 
cent  of! 
mean. 

Veloc- 
ity. 

• 

Per 
cent  of 
mean. 

Veloo-  JS 

"I 

2.80 

101 

1.88 

loe' 

2.42 

106 

1.68 

118 

2.46 

108 

1.78 

117 

2.47 

106 

1.78 

116  ! 

2.44 

107 

1.71 

in. 

2.40 

106 

1.68 

ins: 

2.82 

102 

1.48 

OKI 

2.20 

97 

1.22 

1      m. 

2.04 

89 

1.01 

1       ''''\ 

1.76 

77 

.75 

;      100  1 

1 

2.28 

100 

i.«| 

The  data  contaiiKnl  in  Tabloa  XIX  and  XX  have  been  rearrang 
and  combined  in  Table  XXVI.  The  mean  of  the  26  vertical  veloci 
curves  taken  on  the  Wallkill  is  shown  in  the  column  headed  **Meai 
The  26  curves  are  then  separated  aceonling  to  the  depth  of  wat 
under  ice  at  the  point  whence  the  observations  were  taken.  In  i\ 
observations  the  depth  of  water  was  less  than  5  feet;  in  thirteen 
was  from  5  to  10  feet,  and  in  11  it  was  from  10  to  20  feet. 
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To  bring  out  graphically  the  form  of  the  vertical  velocity  curve 
under  ice  the  data  in  Table  XXVI  have  been  plotted  in  fig.  5,  where 
the  solid  line  represents  the  mean  of  the  26  vertical  velocity  curves 
taken  in  the  Wallkill.  It  will  be  noted  that  a  decided  drag  occurs 
at  the  surface  as  well  as  at  the  bottom  of  this  mean  curves;  that 
the  maximum  velocity  occurs  at  a  point  about  0.35  of  the  depth, 
and  that  the  mean  velocity  in  the  vertical  occurs  at  about  0.13  and 
0.73  of  the  depth.  There  will,  in  general,  always  be  two  ix)int«  of 
mean  velocity  in  vertical  velocity  curves  taken  under  ice. 

The  results  shown  in  the  three  last  columns  in  Tabh^  XXVI  are  also 
plotted  in  fig.  5,  and  show  the  effect  of  the  variation  in  depth  upon 
the  form  of  the  curve.  It  will  \ye  seen  that  the  curves  drag  more  at 
shallow  depths,  the  curve  for  depths  under  5  feet  being  more  concave 
than  the  others,  the  curve  representing  the  measurements  when  the 
water  was  from  5  to  10  feet  in  depth  l)eing  next  most  concave,  while 
the  curve  representing  the  de<»pest  measurement  is  flattest.  This 
seems  reasonable,  and  would  i)robably  hold  true  in  all  rivers. 

It  is  frequently  desirable  to  measure  the  flow  of  th(^  river  when 
frozen  over.  This  can  best  be  done  by  taking  a  larg(*  number  of 
point  measurements,  as  represented  in  fig.  4,  but  this  is  a  slow  process, 
80 that  it  is  important  to  know  at  what  point  the  measurement  of 
velocity  can  be  made  which  will  repr(»s<nit  the  nuvm  velocity  in  the 
vertical  section. 

It  will  be  seen  from  the  four  curves  in  hg.  5  that  measurements  made 
at0.13  and  0.73  of  the  total  depth  measured  from  the  bottom  of  the  ice 
^11  represent  in  general  the  mean  velmMty  in  a  verti(»al  on  a  stream 
with  the  same  general  character  as  the  Wallkill.  TIh^  variation,  how- 
ever, between  the  curves  repn^senting  different  d(»pths  is  greater  at 
these  two  points  than  at  points  six  hundredths  and  two-thirds  of  the 
depth.  At  these  two  points  the  curves  almost  coincide.  The  varia- 
tion between  the  various  curves  was  less — in  fact  within  limits  only 
one-half  as  great — at  two-thirds  depth  as  at  six-hundredths  depth. 
This  shows  that  in  these  curves  the  limit  of  error  is  least  w^hen 
nieasurementfi  are  made  at  two-thirds  depth  and  a  coeflicient  is  applied 
to  determine  the  mean  velocity.  The  mean  curve  shows  a  velocity  of 
105  per  cent  of  the  mean  at  two-thirds  depth,  so  that  it  would  appear 
that  the  most  accurat<5  method  of  determining  the  velocity  under 
ice  by  observation  at  one  point  in  the  verti(*al  would  l)e  to  hold  the 
meter  at  two-thirds  depth  and  apply  a  co(*fticient  of  0.05  to  the 
observed  velocity  at  that  point.  This  would  give  a  ])etter  result  than 
Jaeasuring  directly  the  velocity  at  0.13  or  0.73  of  the  dei^th.  In 
Table  XXVII  is  shown  the  means  of  all  tlie  curves  in  the  Esoims, 
Rondout,  and  Wallkill.  These  have  In^en  plotted  in  fig.  0.  The 
variation  of  these  three  curves  is  not  large,  showing  that  the  curve  as 
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plotteil  rc»pre8ent8  fairly  well  the  typical  velocity  curve  of  riv 
tliiH  cliaract^r  under  ice  cover.  In  Table  XXVIII  the  results  t 
in  all  the  i)nM»e<iinj]c  tables,  for  ice  cover,  including  Wallkill,  E< 
Rondout,  and  Catskill,  have  Ix^en  combined  ac<5onling  to  dei 
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70  80  90  ion 

Velocity  in  toniiH  of  moan  volcx-ity  = 


100. 


Pio.  5.— Mean  vertical  velocity  curves  on  Wallkill  River,  with  ico  <x>ver.  showinf;  tl 
liIK>n  the  curve  of  variation  in  depth  of  water. 

Note.— Th<^  nolid  line  in  the  mean  of  aj  vertical  velocity  curves  at  all  depths;  the  dotr< 
the  mean  of  two  vertical  velocity  curves  at  d<»pth»  lesH  than  5  feet;  the  dotted  line  the 
18  vwtical  velfK'ity  <'nr\'€»s  at  depths  l)etwe«»n  5  and  10  feet,  and  the  dash-twa-dot  lines  t 
of  11  vertical  velocity  curves  at  depths  ifreater  than  10  feet. 

water  under  tlie  ice,  and  have  been  plotted  in  fig.  7,  together  wi 
mean  of  all  47  curves.  The  form  of  these  curves  does  not 
materially  from  those  for  the  Wallkill,  plotted  in  fig.  5.  The 
at  which  these  (uirves  fall  closest  together  is,  however,  som 
higher,  at  O.i)  depth.     To  a  single  measurement  made  at  0.6  d< 
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efficient  of  0.02  should  be  applied  to  obtaiii  the  inean  velocity  in  the 
rtical  section,  while  the  coeffieient  0.05  Hhould  l)e  applied  to  a  single 
aasureraent  made  at  two-thirds  depth,  as  in  the  eas<*  of  tlu^  Wall- 
U,  shown  in  fig.  5. 


70  W)  JK) 

Vt'ltK'ity  in  t«'nus<»f  iin-uii  v« 

•  6.— Mean  vorticAl  velocity  curvt'K  on  E.s<n>us  and  K<»n(lout  cnx-ks  and  Wullkill  Rivor, 

•icecover,  showinj?  th**  compamtivfly  slijfht  variation  in  v«'rti<*al  v«'l(K*ity  <'urvoM  of  rivers 

8  character. 

nt— The  solid  line  »bows  the  mean  vt!rti<*al  v<'l<K'ity  «  urv««  <»n  the  WallkiU  and  Rondout 

he  iri»  broken  and  tilted,  and  sh<)ws  th«*  <l«M'idi'd  draj^  rauwd  l»y  tin*  incrwiscd  friction  at 

jfai**'. 


lere  are  many  engineers  who  pref(*r  to  measure  the  veloeity  at 
depth,  and  apply  a  coefficient  to  obtain  the  mean  velocity  in  the 
ical  section.  The  observations  reconled  in  Tal)le  XXVII  show 
the  proper  coefficient  to  apply  is  0.8ft.  Observations  upon  the 
of  water  under  ice  cover  on  the  Upper  Mississippi  were  made  by 
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A.  O.  Powell,  assistant  engineer,  under  the  direction  of  Col.  Chas.  J. 
Allen,  Corps  of  Engineers,  U.  S.  Army,  in  1882  and  1890,  and  the  pub- 
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Pig.  7. — CompariHon  of  curves  for  variouH  depths  of  wator  under  it*©  cover  wlUi  the  me«i<> 
all  curves  taken  under  ice. 

NoTK.— The  sf>lid  line  is  the  mean  curve  and  represents  47  vertical  velocity  curves.  The  darf" 
dot  line  is  the  mean  of  7  ctirves  with  depths  of  water  under  i<'e  of  less  than  5  feet.  The  dottedliJ* 
is  the  mean  of  29  verticjil  velocity  curves  with  depths  of  water  under  ice  ranging  from  6  to  1 
feet,  and  the  dash-two-<iot  line  is  the  mean  of  11  vertical  velocity  curves  for  a  depth  of  wat* 
under  ice  ranging  from  10  to  20  feet. 

lished   results'*  show  that  this  coefficient   varied    from  0.87380  t 
0.88057.* 


a  Ann.  Rept.  Chief  of  Engineers,  U.  8.  Army,  Part  III,  1890. 

z>  Owing  to  the  inaccuracies  in  observations  of  tliis  kind,  it  does  not  seem  to  the  author  jD^ 
flable  to  carry  the  coefficient  beyond  the  second  place  of  decimals.  The  resnltB  obtained 
the  streams  in  New  York  agree  with  those  in  the  Mississippi  to  the  second  place  of  dedmal^ 
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Table  XXVI. — Mean  vertical  velocity  curve  an  Wallkill  River  and  curves  nepor 
rated  according  to  depths  of  water. 


[VelocltieB  given  in  peroentaguH  of  moan  v«lot;ity.] 


Xamber  of  Telocity  cnrveH. 


Depth  below  bottom  of  ice. 


.15. 
.25. 

IS. 

.». 
.ft. 
.3. 

.». 


)». 


Mi*an. 


H4.0 

112.0 
114.M 
114.0 
IIO.H 
llfi.H 
!W.  4 

HT.r> 

(W.7 


la 


11. 


Depth  of  wator  under  lee. 

LoHH  than  '  B<»tweeii  5  Between  10 
5  feet,      and  10  feet,  and  20  feet. 


i».w  I 


Mean. 


my  0 


Hi.r> 

107.6 
117.0 
110.0 
117.0 

iiH.r> 

107. ■> 
flft.O 
Hl.O 
(iO.O 

UIC.O  \ 


UW.  7 
114.0 
IIO.H 
115.7 
lll.H 
KB.  5 

H4.r. 

«H.2 
100.0 


85.6 
101.6 
106.6 
111.5 
111.4 

iue.8 

105.9 
100.9 
98.1 
73.8 

100.0 


Table  XXVn. — Mean  vertical  velocity  curves  for  EsopuH,  Rondont,  and  Wallkill, 
based  upon  a  mean  of  100. 


Stream ■    Ew)pus.    '  Rondout 

Himiber  of  velocity  cnrvoB |  8.                  H. 

Depth  below  bottom  of  ice.  Mean. 

flL« 88.2  I 

.15 1  1(H.7  I 

.» 112.(» 

» ,  115.9  j 

•45 114.0  ' 

.55 jn.8  , 

.« i(»;.8  ! 

.<5 07.4 

.« 84. « 

.95 KM  ' 

Mean 100.0  ; 

^__ I 


Wallkill. 
2rt. 


Mean. 

Moan. 

a5.9 

84.0 

103.1 

103.0 

112.1 

112.0 

115.5 

114.8 

115.2 

114.0 

111.7 

110.8 

106.4 

105.8 

96.8 

98.4 

86.4 

87.5 

68.9 

69.7 

100.0 

100.0 
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Table  XXVIII. — Mean  xH'hmiy  curvcH  upon  WallkiU,  EsopuSj  Rondout^and  Cdh 

kill  for  various  depths, 

( Vol»K'itii»s  trivon  in  ]>urtrentagus  of  moHn  velocity.] 


Numl)or  of  velocity  curve*. 


Depth  Ixilow  bottom  of  ice. 


0.(IA 

.!.-> 

.in 

.:J5 

.4,') 

.TiT) 

.«'. 

.7'^ 

.8r> 

.05 


I 


100.0  ' 


100.0  I 


7. 

3». 

11. 

47. 

Depth  of  water  under  ico. 

LeHB  than  '     5  to  10     !     10  to  20 
5  feet.     1      feet.             feet. 

Mean  of  at 
cnrvw- 

88.0  ' 

86.8 

85.5 

85. 

109.6  1 

103.8 

101.6 

m. 

11«.7  1 

U3.2 

108.6 

11«. 

118.4 

116.2 

111.5 

115. 

ll«.l  1 

115.3 

111.4 

114. 

111.0  , 

111.8 

109.3 

111. 

IIH.7 

105.8 

105.9 

m. 

W.2  1 

96.9 

100.9 

9r. 

80.3  ' 

84.8 

92.1 

(&. 

«JJ.O  ' 

66.9 

T.i.3 

67. 

100.0 


100. 


FI^OW   OF   KIVKUS   UNDER   ICE,  BROKEN   AND   TII^TED 

COVER. 

A  few  vertical  velocity  curves  were  taken  on  the  WallkiU  and  Ron 
(lout  when  the  ice  on  the  river  was  broken  and  more  or  lass  tilted 
No  general  law  can  be  detennined  for  such  conditions,  as  th,e  imped 
ing  power  of  the  ice  varies  Ix^tween  wide  limits.  It  is  interesting 
however,  to  note  in  a  general  way  the  effect  of  the  ice.  The  drag  a 
the  surface  is  greatly  increased  and  the  curve  is  changed  eonsiderabb 
in  form.  In  Tables  XXIX  to  XXXII  will  be  found  the  results  of  thi 
measurements,  while  in  Table  XXXIII  is  the  sunimary  of  the» 
results.  The  mean  curve,  as  shown  in  Table  XXXIII,  is  plotted  ii 
fig.  S,  together  with  the  mean  curves  when  the  ice  covering  wat 
sm(M)th.  It  will  be  seen  from  this  diagram  that  the  point  of  maximuir 
velocity  is  o.of)  of  the  dei)th,  mu(*h  lower  than  with  smooth  ice;  tha* 
the  surface  velocity  is  much  less,  and  that  the  bottom  velocity  ii 
greater.  This  curve  would  without  doubt  vary  greatly  at  different 
times,  depending  upon  the  condition  of  the  ice,  so  that  measuremen' 
at  any  point  for  the  det(M*minatioii  of  the  mean  velocity  would  no' 
be  advisable.  Point  measurements  at  frequent  intervals  would  l)« 
necessary  in  order  to  obtain  reliable  results.  It  is  not  considerec 
that  the  results  show  any  decided  law  of  relation  between  velocities 
at  various  depths,  but  the  general  form  of  the  curve  is  characteristic 
in  conditions  similar  to  those  under  which  these  were  taken. 
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Table  XXLX. — Velocities  in  vertical  section  on  Wallkill  River  muter  ice  broken 

and  tilted. 


Date 

Point  of  meatmre- 

ment 

Gige  height 

Total  depth 

Thiclniewof  ice.. 
Depth  of  water. . 


De<-.  19. 

115. 
13. 7«). 
18.0. 
4.0. 

14.0. 


Dec.  Itt. 

tto. 
13. 70. 
16.  OJ. 
O.Oi. 


Dw.  1». 

«r>. 

13.7(». 

i.Vrti. 

0.0^. 


])♦•<•.  H». 


13.70. 
14.5. 

13..V 


Jan.  m. 

i7.;«. 

14.4. 
1.4. 
13.0. 


I  Depth.  Vel^--  Depth.p'ifj?*-  Depth 


^Uy"   I>«P^»»-  ^^ly"'   ^Vth.  Veloo. 


n.per 

/M"C. 


Table  XXX. — Velocities  at  regular  intervals  in  n'rttvai  serf  ion  on  Wallkill  River 
under  ice  broken  and  tilted,  deduced  from  T(d>le  XXIX. 


Dec.  19. 


Dec.  19 


De<-.  1». 


Dw;.  19. 


Jan.  23. 


Depth  in  partH 
of  total. 


CLQ6. 
.15. 
.S. 
.». 
.45. 
.35. 
.65. 
.75. 
.►5. 


Mean  . 


'  Veloc- 
ity in 
feet 

Hecond. 

1.10; 
1.94  . 
2.41 
2.70 
2.90 

3.  a)  j 

2.94  I 
2.80 
2.55 
2.05 

2.44 


Veloc-  '  VelcK*- 

Per    '  ity  in  I    Per      ity  in      Per 

cent  of     feet     cent  of     fo<*t     cent<.f 

mean. ;    per    {  moan.      p4>r      mi'an. 

second. I      j^ei-ond. 


45 

80 

99 
111 
119 
128 
120 
115 
104 

84 

100  , 


2.36 
3.rt) 
3.:»  , 
3.  (55 
3.90  , 
4.10  '■ 
4.07  ' 
3.88  ' 
3.flO 
2.85  I 

3.48 


8« 

sr: 

105 
112 
118 
117 
112 
Uti 
82 


2.40 
2. 95 
3.  :cj 
3.(K 
3.8<) 
3.  U-> 
3.m) 
3. 70 
3. 42 
2.>M) 


KMJ 


3.  40 


71 

87 
98 

km; 

113 
lie. 
115 
111 

101 

M2 
KNI 


VolCK*- 

ity  in 

foot 

I)or 
*«MN>nd. 


1.441 

i.m 

2.0J> 
2.^7 
3.(4 
3.11 
3.<I8 
2.9S  • 
2.78 
2.  .50 

2. «'»:{ 


Voloc- 

Por    I  ity  in      Per 

rent  of     foet     centof 

moan.      i>or      mean. 

Hooond. 


74 

<«♦ 
1 01) 
115 
118 
117 
113 
Kr. 


1.08  . 

1.88 

2.07 

2.26 

2.4.5 

2.(i2 

2.02 

2.44 

2.15 

1.80 

2.20 


77 

86 
94 
103 
HI 
119 
119 
111 
98 
82 

100 


IRK  7i> — o;i- 
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Table  XXXI. — Velocities  in  vertical  sections  on  Rondout  Creek  at  Rose 
under  ice  broken  and  tilted. 


Date 

Point  of  measurement.; 

Oage  height 

Total  depth 

Thickness  of  ice  . 
Depth  of  water  . . 


Dec.  6. 

Jan.  14. 

Jan.  14. 

Jan.  U 

60. 

40. 

GO. 

60. 

6.80. 

7.00. 

7.00. 

7.00. 

5.6. 

4.8. 

6.4. 

6.4. 

0.2. 

0.8. 

0.4. 

0.4. 

5.4. 

4.0. 

6.0. 

6.0. 

,  Velot^- 

'D^Pt--    filler 
second. 

i    Veloc- 

I>«Pt''    filler 
second. 

Depth. 

Veloc- 
ity in 
feet  per 
second. 

V 

Depth.  ;,i^ 

jse 

0.3           0.21 

0.6           0.35 

0.6 

0.72 

0.6! 

1.8  ,           .54 

1.5             .76 

1.6 

.82 

1.6 

2.i<  '           .56 

2.5  ,           .97 

2.6 

.90 

2.6 

8.8              .57 

8.5             .85 

8.5 

.90 

8.6  1 

1         4.9  1           .86 

4.6 
6.5 

.87 
.72 

4.5 
6  6 

1 

, 

Table  XXXII. — Velocities  at   regular  intervals  in  vertical  section  on  Roi 
Creek  under  ice  broken  and  tilted,  deduced  from  Table  XXXI. 


Veloc-  .   Veloc-  Veloc- 

ity in     Per  cont     ity  in     Per  cent     ity  in 
feet  per  i  of  mean,  feet  per  of  mean,  feet  per 
second.  I  second.  ;  second. 


0.25 

68 

0.24 

84 

.46    , 

90 

.40 

57 

.54 

115 

.66 

79 

.57 

122 

.70 

100 

.57    1 

122  1 

.85 

121 

.66    ' 

120 

.95 

i:« 

56 

117 

.97 

139 

SO 

107 

.96 

135 

« 

92 

.88 

126 

.25 

5< 

.51 

7:^ 

.468 

1 

100  1 

.70 

\m 

0.67 
.76 
.82 
.88 
.90 
.91 
.90 
.88 
.82 
.69 

.823 


Percent 
of  mean. 

Veloc-    1 

ity  in  Pert-ent 
feet  per  |  of  mean, 
second. 

81 

0.48 

51 

92 

.68 

72 

100 

.87 

93 

107 

1.06 

112 

110 

1.19 

127 

111 

1.19 

126 

109 

L14 

121 

107 

1  06 

118 

lOf) 

.96 

102 

88 

78 

88 

100 

.941 

100 
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TiBLi  XXXm. — Summary  of  curves  on  Wa2lkill  and  Rotidoutj  under  ice  broken 

and  tilted. 


Straun . 


Wallkill.     Rondout. 


lumber  of  velocity  curvea  . 


I 


Depth  of  wat4»r  l>elow  lK>ttom  of  ice. 


IL(B.. 
.15.. 
M.. 

M.. 
.6. 

.95.. 


I  River  lx»d; 
Hilt. 


ran 

KW.M 
114.(» 
UH.H 
117. « 
112.4 
l(tt.4 
S5.() 


4  to  Oft. 
River  ImkI: 

Bowldorn  i 
and  gravol. 


Mt«n. 


Mean. 


1(10.0 


54.  H 
«).0 
«6.H 

110.:?  I 

130.0  I 
1212  i 

115.5 
105.0 
73.0  ; 

100.0 : 


5V.8 
81.4 
97. 1 
10K.8 
116.7 
120.8 
119.3 
113.8 
108.6 
79.7 


100.0 


QUALITY   OF   KIVICll  WATER. 

A  study  of  the  turbidity,  color,  alkalinity,  and  hardness  of  these 
streams  has  been  made  in  conjunction  with  tlic  discharge  measure- 
ments. It  is  thought  that  the  information  derived  from  such  deter- 
minations will  be  of  value  to  enjifineers  investigating  the  future  supply 
of  New  York  City. 

TURBIDITY  AND  COLOR. 

Water  in  its  ideal  condition  is  perfect  ly  clear  and  limpid,  and  has 
a  slightly  blue  color.  Filtereil  water,  distilled  water,  and  many 
spring  waters  approach  closely  to  the  ideal  water.  ^lost  liver  waters 
are,  however,  either  colored  by  contact  with  peat,  mu(»k,  or  decaying 
vegetation,  or  are  turbid  by  reason  of  mud  or  silt  earri<Ml  in  suspen- 
sion. Muddy  waters  are  often  spoken  of  as  colored  wat<'rs,  and  in  a 
sense  this  is  correct  where  the  mud  consists  of  clays  or  otluu-  mate- 
rials having  distinct  colors,  but  for  convenience  of  classification  it  is 
better  to  refer  to  such  watei-s  as  turbid  wat(»rs,  and  to  limit  the  term 

colored  waters"  to  those  containing  in  solution  vegetabhi  matters 
which  color  them. 

It  has  l)een  observed  that  liiglily  colored  waters  are  usually  free 
from  turbidity,  and  vice  versa,  tliis  l>eing  due  to  tlie  facttiiat  colored 
waters  usually  flow  from  drainage  areas  underlain  by  hard  rocks  not 
easily  disintegrated,  or  from  n*gions  wliere  the  soils  are  firm  or  sandy, 
and  especially  from  swamps.  On  such  areas  there  is  but  little  mate- 
rial that  would  be  washed  from  the  river  banks  and  held  in  suspen- 
sion, while  the  coloring  material  is  present  in  the  greatest  abundance. 
In  many  parts  of  the  United  States  shales  or  other  soft  materials 
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form  t]u>  underlying  lieds.  These  readily  disintegrate  and  form  clay 
soils  that  are  readily  washed  by  hard  rains.  Waters  from  such  areH 
aro  usually  turbid  and  very  highly  colored. 

Turbidity  and  oolor  are  principally  important  in  their  effect  upon 
the  appearance  of  watt^r,  whereas  the  other  impurities  discussed  in 
this  i)aper  have  absolutely  no  effect  upon  the  appearance,  and  can  be 
found  only  by  their  chemical  action. 

TURBIDITY. 

The  turbidity  of  wat<*r  is  a  subject  of  great  importance  to  the  sani- 
tary ongineer.  In  questions  of  water  supply,  turbidity  is  often  the 
important  feature  in  the  selection  of  a  source  of  town  supply;  the 
nuinl)er  of  days  u])on  which  the  turbidity  is  above  a  certain  fixed 
standard  is  also  important,  in  that  it  may  determine  the  size  of  re8e^ 
voir  required  to  ston*  clear  water  sufficient  to  tide  over  the  time  of 
greatest  turbidity,  or  for  the  sedimentation  of  susi)ended  matters  in 
the  reservoir  water.  The  importance  of  this  subject  varies  with  the 
part  of  the  country  studied,  the  waters  in  the  New  England  States 
and  New  York  being  comparatively  clear,  while  in  the  Southern 
Atlantic  States  and  in  the  Ohio  and  Mississippi  valleys  high  turhidi- 
ti(*s  are  th(^  rule. 

In  the  Northeast  the  terms  "v(»ry  slight,  "slight,"  ''distinct,"  an^ 
"decided''  have  ])een  used  by  analysts  to  express  the  amount  of  sus 
pended  matt<»r  present.  Th(»se  degives  of  turbidity  have  been  esti 
mated  by  the  api)eHran<»e  of  tlu»  sample  to  the  eye  when  viewed  toward 
the  light.  As  the  imi)ortance  of  these  analyses  has  been  more  appre 
ciated,  particularly  in  connection  with  the  purification  of  waters  an4 
tho  (extended  studies  upon  waters  of  high  turbidity,  it  has  been  toxua 
that  a  moro  detinite  scale  was  ne(»essiiry  in  order  that  proper  compari 
sons  of  waters  from  various  sources  might  be  made. 

In  the  filtration  of  wat<M-  the  engineer  desires  to  know  the  amoun 
of  coagulant  nec(^ssary  to  properly  clarify  the  wat-er,  and  it  has  beei 
found  that  the  turbidity  gives  a  reliable  index  of  the  quantity  o 
coagulant  required.  The  object  of  the  more  recent  studies  has  been 
ther(?fore,  to  exi)ress  it  numerically  on  some  scale,  referred  to  soim 
standard,  which  can  b<^  (»asily  reprodu<*ed  and  will  be  permanent. 

There  has  b(»en  considerable  diffeitMice  of  opinion  as  to  the  prope: 
standard  for  t  ur])idity  comparisons,  and  some  confusion  has  resulted 
It  is  important  that  any  standard  selected  should  l)e  applicable  U 
both  field  and  laboratory  practice,  and  that  observations  made  b^ 
different  methods  should  he  readily  comparable. 

The  United  States  Geological  Survey  has  had  occasion,  from  tim< 
to  time,  to  make  observations  of  turbidity  of  rivers  of  which  discharge 
measurements  were  mad<^  Realizing  the  importance*  of  a  unifom 
standard  for  turbidity,  the  Survey  has  cooptM'ated  with  Mr.  AUei 
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Hazen  and  Mr.  Gteorge  C.  Whipple  in  order  that  such  a  standard 
might  be  adopted.  Mr.  Hazen  and  Mr.  Whipph^  liave  iiuule  joint 
inTestigationH  and  studies,  and  have  recommended  the  stanchird  ^iven 
below.  This  will  be  used  in  the  future  by  the  Survey,  and  it  is  hoped 
maybe  adopted  generally  throujjrhout  the  ITnited  States. 

PROP<JHEI>  TURBIDITY   STANDAKIk" 

The  standard  of  turbidity  shall  1k>  a  water  which  contains  100  parts 
of  silica  i)er  million  in  such  a  state  of  fineness  that  a  bright  platinum 
wire  1  millimeter  in  diameter  can  just  be  seen  when  the  c(*nter  of  the 
wire  is  100  millimeters  below  the  surface  of  tin?  water  and  the  eye  of 
the  obeerver  is  1.2  meters  above  the  wire,  the  observation  Inking  made 
in  the  middle  of  the  day,  in  the  open  air,  but  not  in  sunlight,  and  in 
a  vessel  so  large  that  the  sides  do  not  shut  out  the  light  so  as  to  influ- 
ence the  results.     The  turbidity  of  such  water  shall  be?  100. 

The  turbidity  of  watere  more  turbid  than  the  standard  shall  be  com- 
puted as  follows:  The  ratio  of  the  turbidity  of  the  water  to  KK)  shall 
be  as  the  extended  volume  is  to  the  original  volume,  when  the  water 
is  diluted  with  a  clear  water  until  the  mixture  is  of  standard  turbidity. 

The  turbidities  of  waters  lower  than  the  standard  should  bo  com- 
puted as  follows:  The  ratio  of  the  turbidity  of  the  water  to  100  shall 
be  as  the  ratio  of  the  original  volume  of  water  of  standard  turludity  is 
to  the  extended  volume  when  such  water  is  diluted  with  a  clear  water 
until  its  turbidity  is  equal  to  that  of  the  water  under  examination. 

This  standard  can  be  used  in  lx>th  field  and  laboratory.  In  the  field 
the  wire  method  will  be  carried  out  as  at  present,  except  for  a  new 
graduation,  while  in  the  lal>oratory  the  methods  of  dilution  and  com- 
parison now  in  use  for  the  silicia  standard  will  1m»  usod. 

METHOD   OF   APPLICATION   TO   THE   PLATINUM-WIKE    PROCKSS. 

A  rod  with  a  platinum  wire  insert f^d  in  it  at  a  llxed  point  and 
projecting  from  it  at  a  right  angle  will  be  used  as  at  i)resent.  The 
graduation  shall  be  as  follows:  The  graduation  mark  of  100  shall  be 
placed  on  the  head  at  a  distance  of  100  niillinu'ters  from  the  center  of 
the  wire.  Other  graduations  will  be  made,  ba.sed  on  tlu*  l)est  obtain- 
able data,  in  such  a  way  that  when  a  water  is^  diluted  the  readings 
will  decrease  in  the  same  proportion  as  the  i)ercenta^('  of  the  original 
water  in  the  mixture.  Such  a  rod,  having  the  graduation  sliown  in 
the  table  below,  shall  be  known  as  the  United  States  (Geological  Sur- 
vey turbidity  rod  of  1902.  When  this  rod  is  immersed  in  water  the 
visibility  of  the  projecting  platinum  wire  at  the  de])th  from  the  sur- 
face shown  in  the  second  column  will  determine  the  degree  of  tur- 
bidity, as  indicated  in  the  first  column. 


a  From  a  letter  signed  by  Messrs.  Allen  Hazen  and  George  C.  Whipple. 
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(iruihuition  of  rod. 


I  Turbidity.'   I^Pft."' 


I 


"l^ljlS^r  I  Turbidity, 
scale. 


Mm. 

7 

1095   '    0 

8 

971   1 

9 

873   ! 

10 

794 

11 

729 

12 

674 

13 

627 

14 

587 

15 

551   1 

16 

520   1 

17 

493   1 

18 

468 

19 

446 

20 

426   I 

22 

391   i 

24 

361 

26 

336   I 

28 

314   1 

30 

296 

35 

257 

40 

228 

45 

205 

50 

187 

55 

171 

60 

158 

65 

147 

0.023 
.026 
.029 
.0:« 
.035 
A)m 
.041 
.043 
.04*J 
.049 
.052 
.054 
.057 
.060 
.065 
.070 
.076 
.081 
.086 
.099 
.111 
.124 
.136 
.148 
.160 
.172 


70 

75 

80 

85 

90 

95 

100 

110 

120 

130 

140 

150 

160 

180 

200 

250 

300 

350 

400 

500 

600 

800 

1000 

1500 

2000 

3000 


r>epth  of 
wire. 


Mm. 

138.0 

130.0 

122.0 

116.0 

110.0 

105.0 

100.0 

93.0 

86.0 

81.0 

76.0 

72.0 

68.7 

62.4 

57.4 

49.1 

43.2 

38.8 

a5.4 

30.9 
27.7 
23.4 
20.9 
17.1 
14.8 
12.1 


fng  valae  * 

reciprcxa 

scale. 


0.184 
.196 
.208 
.219 
.280 
.242 
.254 
.278 
.295 
.314 
.834 
.85 
.87 
.41 
.44 
.52 
.59 
.65 
.72 
.82 
.92 
1.09 
1.21 
1.49 
1.72 
2.10 


This  table  is  compiled  from  observations  made  at  Cincinn 
Louis,  New  Orleans,  Pittsburg,  Brooklyn,  Philadelphia,  and  I 
for  records  of  which  we  are  indebted  to  several  observers.  The 
of  the  turbidities  by  the  reciprocal  scale  are  included  in  the  t 
a  matter  of  convenience,  but  they  do  not  form  a  part  of  the  sta 

This  graduation  is  subject  to  revision  whenever  addition* 
shall  make  it  necessary,  and  revised  rods  sliall  be  designated 
same  name,  but  with  the  year  of  revision  substituted  for  1902 
revisions  shall  have  as  their  basis  the  one  hundred  mark,  ICh 
meters  from  the  wire. 

Near  the  end  of  the  rod,  at  a  distance  of  1.2  meters  fi*om  th< 
num  wire,  a  wire  ring  shall  l>e  placed  directly  above  the  wire,  t 
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ich  the  observer  will  look,  the  object  of  the  riii^  l)eing  to  control 

distance  from  the  wire  to  the  eye. 
When  the  turbidity  is  greater  than  500  the  wati*r  shouM  be  diluted 
'ore  the  observation  is  made.  When  the  turbidity  is  below  7  this 
ithod  CAn  not  be  used,  and  comparison  should  Ix^  made  with  the 
ica  standard  properly  diluted  in  bottles  or  tub<»s. " 
The  number  obtained  by  dividing  the  weight  of  suspended  matter 
parts  per  million  by  the  turbidity  as  obtained  al)ove  shall  l)e  called 
le  coefficient  of  fineness.  If  greater  than  unity,  it  indicates  that  the 
atter  in  suspension  in  the  water  is  coarser  than  tlu^  standard;  if  less 
an  unity,  that  it  is  finer  than  the  standard. 

LThis  standard  is  proi)08ed  with  the  idea  of  combining  the  l)e8t 
atures  of  the  platinum-wire  and  silica  methods  of  meiisuring  tur- 
bidities as  commonl}''  used,  and  of  avoiding,  as  far  as  possible,  the 
objections  to  each. 

The  wire  method  is  most  convenient  as  a  field  method.  With  the 
Iteciprocal  scale,  which  until  now  has  been  used,  it  is  open  to  the  seri- 
lous  objection  that  the  readings  are  not  proportional  to  the  amount  of 
turbidity-producing  matter  in  the  water. 

The  silica  standard  is  free  from  this  objection  an<l  is  more  con- 
venient as  a  laboratory  method,  but  is  not  well  adapted  to  field  use,  and 
is  open  to  the  objection  that  it  is  possible  that  the  value  may  be 
changed  by  variations  in  the  fineness  of  the  silica  particles  composing 
the  standard. 

The  standard  now  proposed  is  intended  to  overcome  the  above- 
mentioned  defect  in  the  platinum-wire  method  with  the  reciprocal 
scale,  and  at  the  same  time  to  put  a  control  on  the  value  of  the  silica 
standard.  Applying  it  in  one  way  or  the  other,  it  is  adapted  to  both 
field  and  laboratory  use,  and  the  results  obtained  should  check 
substantially. 

METHOD  OF  MAKING  OBSERVATIONS. 

The  method  of  making  the  observations  by  means  of  the  platinum 
wire  is  as  follows :  Take  a  stick  of  wood  about  5  feet  long  and  five- 
eighths  of  an  inch  square,  more  or  less,  and  insert  a  platinum  wire  at 
a  point  about  1  inch  from  the  end,  so  that  the  wire  will  be  at  right 
angles  to  the  stick  and  project  at  least  1  inch.  The  Avire  should  be 
0.04  inch  or  1  millimeter  in  diameter;  th(^  stick  is  then  graduated,  the 
lines  for  the  various  turbidities  being  at  distan(»es  from  the  wire 
shown  in  the  table  on  page  2. 

Obser\^ation8  of  turbidity  are  taken  by  putting  this  stick  into  the 
water  under  examination  as  far  as  the  wire  can  be  seen ;  the  turbidity 
is  then  read  fiom  the  scale.  This  is  most  conveniently  accomplished 
by  having  a  second  or  smaller  stick  placed  in  front  of  the  first,  the 
end  of  which  is  brought  to  the  water  line  when  the  wire  can  just  be 

«Deacribed  by  Whipple  and  Jackson  in  Technology  Quarterly, Vol.  XU,li(o.i,'DQO&mV)«t^\Sm. 
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seen.  Upon  removing  the  two  together  the  position  of  the  smaller 
stick  on  the  scale  gives  the  turbidity. 

Observations  are  to  be  taken  in  all  cases  in  oi)en  air,  as  too  high 
results  are  obtained  under  a  roof,  even  with  very  good  light;  and 
they  should  preferably  be  taken  in  the  middle  of  the  day  and  not  in 
direct  sunlight.  In  case  the  sun  is  shining  the  observer  can  stand  so 
that  his  shadow  covers  the  water  immediately  about  the  stick  and 
wire.  The  observations  are  taken  with  the  eye  of  the  observer  at  the 
ring  before  mentioned,  1.2  meters  from  the  wire,  although  some  varia- 
tion in  this  does  not  materially  influence  the  result.  The  wir(»  should 
be  kept  bright  and  clean.  In  case  it  is  lost,  a  clean  bright  pin  can  be 
used  until  another  wire  can  be  obtained.  When  the  surface  of  the 
water  in  the  stream  is  agitated  by  currents,  waves,  etc.,  or  in  case  the 
depth  is  not  sufficient  to  give  the  required  immersion,  or  if  for  any 
reason  observations  can  not  be  well  taken  from  the  bank,  a  i>ail  or 
tub  may  be  filled  with  water  and  the  turbidity  observations  taken  in 
it.  In  many  cases  this  procedure  is  preferable  to  measurement  in  a 
stream,  but  the  observation  must  be  taken  immediately  upon  filling 
the  vessel.  The  diameter  of  the  vessel  should  be  equal  to  at  least 
twice  the  depth  at  which  the  wire  is  immersed,  as  otherwise  the  results 
of  the  reading  will  be  affected. 

When  the  turbidity  of  the  water  is  above  500,  that  is,  in  case  the 
wire  can  be  seen  through  less  than  1  inch  of  water,  the  results  obtained 
by  direct  measurement  are  not  accurate.  Such  water  should  be  diluted 
by  1,  2,  or  4  volumes  of  clear  water  in  the  pail  or  tub,  and  thoroughly 
mixed. 

The  turbidity  is  taken  as  above  described,  and  multiplied  by  the 
ratio  that  the  total  volume  of  water  bears  to  the  water  in  the  mixture. 
Clear  water  can  be  obtained  from  a  well  or  any  other  source  obviously 
clear,  or  nearly  so. 

The  statement  of  turbidity  in  such  cases  should  contain  memoranda 
that  the  observations  were  taken  in  this  way,  and  should  give  the 
amount  of  dilution. 

If  waters  have  a  turbidity  less  than  7  direct  reading  c^an  not  be  used, 
and  indirect  methods  must  be  resorted  to. 

llie  **  wire  method  "  has  been  described  first  in  this  paper,  as  it  is 
best  suited  to  field  work.  Besides  this  method,  tliere  are  two  others 
that  have  commended  themselv^es  to  practical  use.  First,  the  use  of 
standards  of  comparison;  second,  the  diaphanomet^r.^' 

In  the  determinations  of  turbidity  of  waters  in  rivers  considered  in 
this  i>aper,  the  turbidities  were  in  general  too  low  for  accurate  measure- 
ments by  the  wire  method,  and  as  the  samples  had  to  be  shipped  to 
the  laboratory  for  other  determinations,  the  turbidity  was  found  by 
comparison  with  standards.     Tliese  standards  were  made  up  from  dia- 

a  These  are  both  laboratory  methods,  and  have  been  described  by  Mr.  George  C.  Whipple  and 
Bazuel  D.  Jackson,  in  the  Technology  Quarterly,  Vol.  XII,  No.  4,  December,  1899. 
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tomaceous  <>!jirtli  thoroughly  washed  and  ignited  to  remove  the  organic 
matter.  Tlio  earth  is  then  washed  in  hydrochloric  aci<l  and  rinsed 
with  wattT,  after  which  it  is  pulverized.  One-half  ^rain  is  added  to 
5iH)c.  c.  of  ilistilled  water  and  thoroughly  aj^itated.  This  stock  luix- 
turecontains  1  ^rain  of  pun*  silica  jmm*  liter,  or  1,( MM)  parts  per  1,(MM),00(), 
and  when  \%^ell  shaken  will  always  give  the  same*  turbidity,  which  is 
called  a  standard  1,000.  For  waters  of  low  turl)idi1i(»s,  liko  those 
found  in  New  York  State,  standards  an*  inadt*  by  diluting  the  stock 
mixture  witli  di.stilled  water  in  ni(*asured  proportions  and  comparing 
the  coUectiM]  .samples  with  the  various  standards  in  gallon  bottles, 
while  with  higher  turbidities  smaller  (piantitic^s  of  the*  stan<lards  are 
placed  in  ITM)  c.  c.  Ne.ssler  tul>es,  with  which  the  samph*s  in  lik(»  tubes 
are  compared.  This  is  a  laboratory  method,  an<l  is  more*  pn*cis<^  than 
the  wire  nieth<Kl  of  making  det(*rmination  of  turbidity,  but  reciuires 
that  samples  be  collected  and  shipped  to  the  laboratory. 

hi  onler  that  s<Jine  idea  of  the  meaning  of  the*  various  standards  may 
be  obtained,  the  following  table  is  inserted: 

Tdble  nlKncivg  meaniiuj  (tf  vnrioun  nnnihfrs  <m  siltca  scttlr. 


Silica  Htandard.  I)«*»trii»tiv«^  term. 


0 -      I  None. 

1-2 ....    Very  slight. 

U% .. SliKht. 

.VeO - - Distinct. 

Above  20... Decided. 


COLOR. 

The  platinum -cobalt  method  of  measuring  color,  as  devised  by  Allen 
Hazen,  is  generally  considered  the  standard. 

A  standard  solution  which  has  a  (*olor  of  ooo  shall  Ix*  nuide  by  dis- 
s^dving  1.246  grams  potassium-platiuic  cdiloridr"  (PtClpi^KCl),  con- 
taining 0.5  gram  j)latinum,  and  1  gram  of  crystalliz(Ml  cobalt  chloride 
(( oCl.^jGII^O),  containing  ().l^5  gram  of  cobalt  in  water,  with  100 
cubic  centimeters  concentrated  hy<lrochl()ric  acid,  and  making  up  to 
1  liter  with  distilled  water.  l>y  <lilnting  tiiis  solution  standards  shall 
1k'  pi-epared  having  values  of  <),  T),  lo,  15,  i^o,  l*."),  '><»,  35,  40,  50,  GO,  and 
70.  The  numl)ers  correspond  to  tiic  metallic  platinum  in  the  solu- 
tions in  i^arts  per  million.  Thes<»  shall  b(»  k(»pt  in  loO-cubic-centimeter 
N«*ssler  jars  of  such  diametei*  that  the  liquid  shall  have  a  depth 
l>etwi»en  20  and  25  centimeters  and  shall  be  protected  from  dust.     The 


"Potasftiam-platinoas  chloride  is  a  salt  that  is  often  substituted  by  (Uralors  in  placo  of  the 
potasRiani-platixiic  chloride.  It  i»  sometimoM  in<-orro<-tly  labeled.  The  platinou«  salt  has  a  red- 
dish color  while  the  platinio  salt  has  a  yellow  coloi . 
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color  of  a  sample  shall  Ihj  obsc^rvod  by  filling  a  similar  tul^^^ 
and  eoiiiparing  it  with  tlie  staii<lanls.     The  ol)«t^rv'atioii  slx^^ 
by  looking  v(»rtically  downwanl  through  the  tubes  upon  »    ^ 
face  placed  at  such  an  angle  that  light  is  reflected  upwar^^^ 
the  column  of  liijuid.     The  reading  shall  l>e  recorde<l  to  tt^  ^ 
unit.     Waters  that  have  a  color  darker  than  70  shall  be  diluf>^ 
making  the  comparison,  in  order  that  no  difliculties  may  h0 
tered  in  matching  the  hues.     Water  containing  matter  in  stB^ 
shall  be  filtered  until  no  visibh*  turbidity  remains.     If  the  sti* 
matter  is  coarse,  filt-er  paper  may  l>c  used  for  this  purpose;  if  1 
pended  matter  is  fine,  the  use  of  the  Herkfeld  filter  is  recomn) 
but  it  must  be  thoroughly  washed  each  time  l>efore  using.    1 
of  a  Pasteur  filter  is  to  be  avoided,  as  it  exerts  a  decolorizing  i 

The  determinations  of  color  upon  the  streams  considered  i 
paper,  and  given  on  the  following  pages,  were  made  by  the  . 
laboratory  method.     For  the  sake  of  completeness,  however,  the 
method  of  making  determinations  of  color  will  be  described. 

It  is  impracticable  to  carry  the  standanl  tubes  above  described 
the  field  for  obs(?rvations,  and  yet  field  observations  are  of  great 
venience  and  value  to  the  sanitary  engineer,  and  in  general  to 
investigations  of  th(»  Unittnl  States  Geological  Survey. 

Standard  disks  of  (»olored  glass  have  been  prepared  by  Mr.  AJ 
Ilazen,  in  c^ooix^ration  with  the  Survey,  as  standards  for  measur 
color  of  water  in  the  field  (PI.  X).    These  disks  have  been  rated 
Mr.  George  ( -.  Whipple  to  corresi>ond  with  the  platinum-cobalt  stat 
ard.     The  color  is  ineaslinMl  by  balancing  the  color  of  the  water  in 
metallic  tube  with  ghiss  ends  against  the  colors  of  glass  disks  ^ 
known  value.     Th(»  number  on  each  disk  I'epresents  the  corresj 
ing  color  of  a  water.     This  is  not  a  new  standard,  but  a  new  applv 
tion  of  an  old  standard.     The  glass  disks  are  rated  to  cor 
with  the  platinum-(;obalt  color  stiindard.     The  process  bears  the  i 
relation  to  the  usual  lalxiratory  process  that  an  aneroid  barome 
bears  to  a  mercurial  banmieter.     The  metallic  tubes  and  glass  st 
ards  are  more  portable  an<l  better  adapted  to  field  use  than  the  Ne 
tubes  and  color  solutions  i)reviously  used. 

Color  standards. — The  standards  are  disks  of  amber-colored  gli 
mounted  with  aluminum.  Each  disk  caiTies  two  numbers, 
number  is  ov^er  100,  and  is  a  serial  numlxM*  for  the  purpose  of  ideii 
ficiilion.  The  other  numl)er  is  less  than  100,  and  shows  the  coin 
value  of  the  disks;  that  is  to  say,  the  color  of  (»ach  disk  is  equal  1 
the  color  of  a  solution  of  t  he  designated  number  of  parts  per  milliov 
of  platinum  with  the  re(iuired  amount  of  cobalt  to  match  the  huif 
when  seen  in  a  depth  of  :?00  millimeters. 

Each  apparatus  has  a  seric^s  of  glass  disks  of  varying  values,  80 
that  waters  within  a  reasonable*  range  (^an  1k»  mat<*hed  by  them. 
When  a  water  comes  betwei»n  two  disks  its  value  can  be  estimated 
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between  them  by  judgment.  Two  or  more  disks  can  be  used,  one 
behind  the  other,  in  which  case  their  combined  value  is  the  sum  of 
the  individual  values.  By  combining  the  disks  of  a  series  in  different 
ways  a  considerable  number  of  values  can  be  produced,  allowing  the 
closer  mat<5hing  of  many  waters. 

Fining  the  tvhes. — The  tube,  having  an  aluminum  stopper,  is  to  be 
filled  with  water,  the  color  of  which  is  to  be  determined.  Rin1»e  the 
tubeonce  or  twice  by  filling  and  emptying  it.  The  second  tube,  having 
the  clips  to  hold  the  glass  disks,  is  made  much  like  the  one  holding 
the  water  to  facilitate  comparison.  Theoretically  this  tube  should  be 
filled  with  distilled  water.  Practically  it  makes  very  little  difference 
whether  it  is  filled  with  distilled  water  or  empty.  Use  distilled  water 
vhen  it  is  convenient  to  do  so,  and  when  distilled  water  of  unques- 
tionable quality  is  at  hand;  otherwise  wipe  the  inside  of  the  tube 
dry  to  prevent  fogging  of  the  glass  ends,  and  proceed  with  the  tube 
empty. 

HMing  the  tvhes. — Hold  the  tubes  at  such  a  distance  from  the  eye 
that  the  sides  of  the  tubes  just  can  not  be  seen.  This  occurs  when  the 
near  end  of  the  tube  is  8  or  9  inches  from  the  eye.  Hold  the  tubes  at 
such  an  angle  that  both  can  be  seen  at  once  with  one  eye.  Good 
results  can  not  be  obtained  in  any  other  way.  Let  the  tubes  change 
places  once  or  twice,  as  sometimes  the  light  on  the  right  and  left  is 
not  quite  equal. 

Background, — ^There  should  be  a  clear  white  background  with  a 
strong  illumination.  The  best  results  can  not  be  obtained  with  either 
too  little  or  too  much  light.  In  a  gray  day  look  at  the  sky  near  the 
horizon  and  away  from  the  sun.  In  a  bright  day  look  at  a  piece  of 
white  paper  or  tile,  upon  which  a  strong  light  falls.  The  white  sur- 
face may  be  vertical  and  the  tubes  held  horizontally,  or  the  tubes  may 
he  held  at  an  angle  directed  downward  toward  a  horizontal  surface, 
as  may  be  most  convenient.  Good  results  can  not  be  obtained  by 
artificial  light. 

Turbid  water. — The  colors  of  very  turbid  waters  can  not  be  meas- 
Tired  in  this  way.  Slight  turbidities  do  not  interfere  seriously  with 
the  results.  Waters  too  turbid  for  direct  observations  should  be  fil- 
tered through  thick  filter  paper  liefore  being  tested,  and  in  case  the 
turbid  matter  is  fine  and  in  large  amount  even  this  method  may  fail. 
The  turbidity  of  water  should  be  taken  as  far  as  possible  in  connection 
with  color  observations,  except  in  cases  where  it  is  obvious  from 
inspection  that  there  is  practically  no  turbidity. 

Highly  colored  waters. — Some  waters  will  be  found  having  a  higher 
color  than  can  be  matched  by  the  standards.  In  general,  waters  with 
colors  above  100  should  not  be  matched  in  200-millimeter  tul)es,  and  the 
results  with  waters  having  colors  below  80  will  be  considerably  more 
accurate  than  with  more  highly  colored  ones.  Two  procedures  are 
possible  with  waters  having  higher  colors — namely,  to  dilute  vrvt\v  dv%- 
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tilled  water  before  measuring  the  eolor  or  to  use  shorter  tulnis. 
latter  procedure  is  the  more  cf>nvenient,  but  both  are  equally  a 
rate.     To  measure  the  color  with  short  tubes,  put  the  highly  col 
water  in  a  tulx^  of  one-half  the  usual  length  and  match  as  usual. 
is  not  necessary  to  have  a  short  standard  holder.     The  200-millim« 
tube  can  he  used.     After  the  water  is  matched  the  result  is  multip. 
by  2.     In  case  the  color  is  too  high  to  be  read  in  a  100-millimeter  ti 
it  can  be  put  in  a  5U-millimeter  tube,  and  the  result  multiplied  b) 
When  dilution  is  used  the  highly  colored  water  is  mixed  with  one 
more  volumes  of  distilled  water,  the  color  matched,  and  the  res*, 
multiplied  by  a  corresponding  factor.     The  tube  itself  cad  be  us 
for  measuring  the  colored  wat<^r  and  the  distilled  water,  and  the  vtd 
ing  can  be  done  in  a  tumbler  or  any  convenient  clean  vessel. 

Cleaniiuj  the  tubes. — The  tubes  should  always  be  kept  clean  aD 
the  glass  ends  protected.  AU  the  ends  are  removable  for  the  parpoi 
of  cleaning,  and  should  not  be  screwed  on  too  tightly.  They  shoal 
be  water-tight  when  only  screwed  up  loosely,  and  if  screwed  on  han 
they  may  stick  so  as  to  come  off  with  difficulty. 

ALKALINITY. 

The  alkalinity  of  water  is  practically  a  measure  of  the  carbonateB 
and  bicarbonates  present.     The  determination  is  made  as  follows  s 
Put  100  c.  c.  of  the  sample  into  a  6-inch  porcelain  evaporating  disk* 
Add  two  or  three  drops  of  a  0.1  i>er  cent  aqueous  solution  of  methyl- 
orange.     If  the  water  is  alkaline,  this  will  impart  to  it  a  faint  yellow- 
ish brown  color.     Then  from  a  burette  graduated  in  tenths  of  a  cubi€5 
centimeter  run  in  a  liftieth-normal  solution  of  sulphuric  acid  until  tho 
color  of  the  water  changes  to  a  faint  pink.     The  acid  must  be  added 
in  small  portions  (only  one  drop  at  a  time  as  the  end  point  is  reached) 
and  the  water  stirred  with  a  glass  i*od  after  each  addition.     The  nuia- 
ber  of  cubic  centimeters  of  fiftieth-normal  acid  required,  when  multi- 
plied by  ten,  gives  the  alkalinity  of  the  water  expressed  in  equivaleat 
parts  i)er  million  of  (*alcium  carbonate.     That  is,  if  1.8  c.  c.  is  required 
to  cause  the  color  of  the  indicator  to  change  from  brown  to  red,  then 
the  alkalinity  of  the  water  is  18  parts  per  million.     Inasmuch  as  it 
is  necessary  to  add  a  certain  amount  of  fiftieth-normal  acid  to  100 c.c 
of  water  which  has  no  alkalinity  in  order  to  produce  the  typical  color 
change,  the  reading  obtained  must  b<»  corrected  for  this  amount.     This 
correction  for  the  indicator  varies  with  different  individuals,  but  it 
seldom  exceeds  0.3  c.  c. 

Other  indicators,  such  as  lacmoid  or  erythrosine,  may  be  used  in 
place  of  methyl-orange,  and  in  certain  instances  their  use  is  to  be  pre- 
ferred, but  for  general  field  work  methyl-orange  is  most  convenient. 

PERMANENT  HARDNESS. 

The  Clark's  soap  method  has  been  used  in  the  examinations  of  river 
waters  givon  in   the  following  tables.     TVvV^  m^Uvod  ^ives  reliable 
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Turbidity,  color,  alkalinity,  and  hardness  of  streams — Contmned. 
BONDOUT  CREEK. 


Ang.28 
Sept.l  . 
Sept.8  . 
Sept.4  . 
Sept.  10 
Do. 
Oct.  11  . 
Oct.3.. 
Oct.  15  . 
Oct.  22  . 
Oct.  81  . 
Nov.  13. 
Nov.  16. 
Nov.  19. 
Nov.  22. 
Nov.  26- 
Nov.29. 
Dec.3.. 
Dec.6.- 
Dec.lO. 
Dec.  11. 
Dec.  12. 
Dec.  15. 
Dec.  16. 
Dec.  25. 
Dec.  30. 

Jan. 7  . . 
Jan.  14 . 
Jan.  18  . 
Jan.  23  . 
Jan.  25  . 
Jan.  28. 
Feb.  4.. 
Feb.  11. 
Feb.  14. 
Feb.  27. 


D»te. 


1901. 


1902. 


Oaffo 
leiffht. 


heiirl 


7.15 
7.62 
7.80 
7.13 
6.87 
6.87 
6.50 
6.95 
7.65 
6.70 
6.50 
7.00 
6.60 
6.40 
6.35 
7.30 
6.80 
6.40 
6.80 
9.80 
9.50 
8.50 
16.70 
11.00 
7.25 
12.20 


7.00 

6.70 

6.70 

10.30 

7.90 

7.70 

9.50 

8.20 

7.85 

10.45 

a  Likely  too  low. 


Color. 


42 
32 
66 
68 
30 
30 
26 
40 
26 
28 
24 
21 
26 
21 


31 
23 

21  I 
32 

38 

34i 
80  ' 
48' 

13  i 


Turbid-  '  Alkalin- 
ity, ity. 


17 
14 
14 
32 
23 
80 
14 
11 
10 
22 


4 

20 
6 

15  ; 

12 
13 

4 

4 

8 

3 

4 
14 


3 

7 

3 

65 


w 


19 


(*) 


75 

7 
60 

5 

4 

3 

3 

1 

10 

18 

11 

6 

30 


Hard- 


37.0 

28.0 

11.0 

18.0  I 

18.0  I 

14.0 

17.0 

22.0 

22.0 

20.0 

24.0 

26.0 

20.0 

20.0 

19.0 

17.0 

21.0 

21.0 

19.0 

19.0 

13.0 

11^.0 

13.0 

11.0 

14.0 

10.0 

14.0 
20.0 
18.0 
10.0 
12.0 
21.0 
14.5 
19.5 
20.0 
13.0 


22.0 
«21.0 
«19.0 
«24.0 
27.0 
26.0 
24.0 
25.0 
28.0 
24.0 
24.5 
23.5 
25.0 
20.0 
17.5 
18.0 
20.0 
26.0 
20.0 

24.0 
28.5 
21.0 
12.5 
14.5 
25.5 
21.5 
24.5 
24.5 
15.9 


Dii 


<>  Bottle  broken. 


DIAQRAM  SHO>M\HG  R« 


Ik'^ 
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rurbidity^  color ^  aikalinity,  and  hardness  of  Htreams — C^ontinned. 
E80PU8  CBEEK-Omtinned. 


Date. 

he^t. 

Color. 

Turbid- 
ity. 

Alkulin. 
ity. 

Hunl- 

IM'Hrt. 

DihM*luirci>  in 
KiHroncl-f«»ot. 

1902. 

5.80 

20 

12 

10.0 

27.5 

4.504 

5. 13 

10 

10 

is.o 

27.5 

2,<J88 

8.11 

35 

15 

15.0 

2H.  5 

1,348 

7.65 

23 

S 

14.0 

24. 0 

1,155 

6.28 

21 

H 

24.0 

26.  5 

550 

4.94 

14 

(i 

23.  0 

25.  5 

191 

4.49 

11 

0 

34.0 

31.0 

133 

WALLKILL  RIVER. 

1901. 

6.75 

7H 

3 

77.0 

565 

7.2 

110 

9 

48. 5 

794 

. .  -      -  -    . 

6.25 

104 

6 

5H.0 

321 

6.05 

110 

12 

04.0 

232 

5.a5 

82 

14 

02.  0 

165 

5.95 

86 

12 

71.0 

196 

8.55 

82 

12 

05.0 

1,-503 

7.30 

45 

13 

59.0 

814 

6.50 

60 

( 

07.0 

440 

6. 10 

46 

5 

Hl.O 

93.  0 

264 

5.94 

28 

4 

92.0 

105.0 

202 

6.50 

45 

9 

ss.o 

97.  () 

440 

«11.50 

GO 

45 

43.0 

50.  0 

2,480 

13.70 

55 

3.S 

37.0 

42.0 

3.080 

20. 20 

35 

45 

24.0 

20.  t) 

H.  190 

1902. 

H.  05 

33 

15 

74.0 

83.0 

717 

-    - 

US.M) 

:!H 

125 

25.0 

30.0 

5. 422 

7.7S 

'J  I 

14 

07.0 

70.0 

590 

7.30 

I'J 

10 

SO.O 

97.  2 

3.S2 

ir>.4o 

31 

100 

2r).o 

31.0 

5.422 

7.  55 

21» 

25 

50.0 

00.0 

977 

10.  0() 

00 

2.S 

44.0 

40.0 

2,540 

(5.  33 

39 

8 

75.  0 

89. 0 

3ri6 

.     -    . 

0.40 

20 

13 

73.0 

84.0 

:i8i 

5. 70 

33 

5 

82. 0 

90.0 

126 

7.49 

52 

23 

54.0 

72.0 

943 

c 

Ha<kwMtt 

»r. 

BK  70—Or:f 0 
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Turbidity,  color,  alkalinity y  and  hardness  of  streams — Continued. 
WALLKILL  RIVER— Continued. 


Date. 

1902.  I 

Aug.  6 .--. 

Aug.  15  .   I 

Ang.  28    ,.. I 

Sept.  6 

I 


Qa 
heifl 


(Vjlor. 


1901. 


Sept.  12 
Oct.  26  . 
Nov.  11. 
Nov.  22.. 
Dec.  2... 
Dec.  17-. 
Dec.  27. 


1902. 


Jan.  10  - 
Feb.  4.. 
Feb.  13. 
Mar.  3.. 
Apr.  7-- 
May2.- 
May  15. 
June  9  . 
June  30 
Jnly21- 
Ang.  4  . 
Aug.  19 
Sept.  2  . 


6.72 
5.86 
5. 78 


68 
48 
24 
38 


Turbid- 
ity. 


25 

8 


5.90 
5.00 
4.75 
4.80 
4.75 
8.41 
6.54 

5.75 
6.30 
5.00 
«10.41 
fl6.18 
6.46 
4.88 
4.44 
4.90 
7.20 
4.69 
4.28 
3.95 


10 


Alkalin- 
ity. 


62.0 
83.0 
88.0 
57.0 


Hard- 


71.0 
84.0 
89.0 
61.0 


TENMILE  RIVER. 


13 

2 

12 

4 

8 

2 

8 

2 

6 

1 

25 

12 

22 

9 

11 

4 

13 

11 

8 

6 

21 

36 

12 

3 

19 

7 

12 

1 

16 

15 

19 

6 

40 

25 

11 
10 

3 
4 

FI8HKILL  CREEK. 


1901. 


Aug.  21 
Aug.  31 
Sept.  4  . 
Oct.8_. 


<'4.45  I 

C4.57  j 

C4.42  I 

3.90  I 


39.0 

2 

24.0 

4 

24.0 

6 

13.0 

3 

85 


82 


Disehai 
second 


.    I 

121.0  L 
134.0  \ 
146.0 
147.0 
137.0  I 
79.0 
103.0 

98.0 

90.0 
126.0 

60.0 
100.0 
105.0 
118.0 
130.0 
133.0 

88.0 
129.0 
138.0 
139.0 


142.0 
151.0 
154.0 
152.5 
86.0 
106.0 

103.0 
104.0 
137.0 

61.1 
103.0 
112.0 
123.0 
139.0 
160.0 

90.0 
141.0 
160.0 
156.0 


93.0 


a  All  readings  on  this  and  following  dates  made  on  new 
gage  placed  0.33  foot  higher  than  the  old  gage. 


^  Approximate. 

c  Taken  from  daily  gage  height  r 
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Turbidity,  color,  alkalinity,  and  hardnt'HH  of  8fream4t — Continued. 
FI8HKILL  CBEEK— Contlnuerl. 


Dtkte. 


1901. 


Oct.  10  . . . 
Oct.  17  ... . 
Oct.  25.    . 
0ct.31    ... 
Nov.  5  . . . . 
Nov.  8  . . . . 
Nov.  13  . . . 
Nov.  15  _. . 
Nov.  19  . . 
Nov.  2:i . . 
Nov.  26  . . . 
Det'.  17.    .. 
Dec.  19.     . 
Dec.  24. . . . 

Dec.  26 

Dec.  31.... 


•Jan.  2.. 
Jan.  7.. 
Jan.  9.. 
Jan.  14. 
Jan.  16_ 
Jan.  21 . 
Jan.  2S. 
Jan.  30. 
Feb.  4.. 
Feb.  7.. 
Feb.  11. 
Feb.  18. 
Feb.  20. 
Mar.  7  . 
Apr.  18. 
Apr.  22. 
Apr.  24. 
Apr.  29. 
May  15. 
May  20. 
May  22. 


1903. 


I 


Oasre 
height. 


Color. 


Turbid- 
ity. 


a  Likely  too  low. 


3. 85 

4.50 

4. 05 

4.00  I 

3.90 

3.95 

4.35 

4.05 

3.95 

3.90 

4.30 

6.10 

5.10 

4.55 

4.55 

7.30 

5.65 
4.80  ' 
4.65  j 
5.00  I 
4.35*1 
4. 15 
4.1)0  , 
4.95  ' 
5.50 
5. 20 
4.80 
4.40  ' 
4.40 
5.20  , 

4.  no 

4.30  ' 
4.10 
4.00  I 
3.90  I 
3.80 
3.70  I 


11.0 
36.  0 
16.0 
12.0 
12.0 
11.0 
17.0 
21.0 
13.0 
8.0 
22.  0 

29.  0 
21.0 
11.0 
13.0 
24.0 

15.0 
12.0 
11.0 

5.  0 
6.0 

6.  0 

30.  0 
9.0 

13.0 

11.0 

7.0 

5. 0 

7.0 

11.0 

10.0 

9.5 

11.0 

13.0 

11.0 

11.0 

13.0 


Alkalin- 
ity. 


94 


4 
4 
4 
4 
4 
5 
12 


4 
12 


'4i} 
4 

6 
4 
6 
U 
14 
5 
4 
3 
3 
4 
3 


88 
87  ' 

85 

I 
85, 

80 

78  I 

79 

83 

74 

45 

58  , 
I 
71 

74  : 

33 


a:: 
66 
70 
79 
79 
82 
52 
63 
53 
72 
74 
80 
79 
48 
63 
70 
72 
79 
74 
76 
79 


Hunl- 

lU'HH. 


100.0 
"68.  0 
"84.0 
89.0 
89. 0 
92.0 
87.0 
109.0 
94.0 
89.0 
H4. 0 
47.0 
(U.O 
78.0 
79.0 
39.0 

60.0 
78.0 
81.0 
H3.0 
85. 0 
85.0 
55.  5 
77.0 
60.  0 
N2.0 
si.O 
86.0 
87.0 
60. 0 
6H.0 
72.  0 
76.  0 
82.0 
85.0 
85.0 
85.0 


rifoi 
l-fe«it 


H«cond-ie«it. 


100 
805 
154 
140 
113 
(KK) 
250 
154 
126 
113 
233 
926 
409 
224 
224 
1,682 

678 

800 

&253 

6370 

6172 

6128 

6334 

6352 

6594 

640 

430 

268 

268 

640 

345 

233 

169 

140 

113 

88 

66 


ft  Taken  from  daily  gage  \ie\g\it  recox^. 
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Tnrbidityj  color,  alkalinity,  and  hardness  of  streams — Continued. 
WALLKILL  RIVER— Continued. 


Date. 

1902. 

Aug.  6 

Aug.  15 

Ang.  28 

Sept.  6 


1901. 


Sept.  12 
Oct.  26. 
Nov.  11. 
Nov.  22. 
Dec.  2.. 
Dec.  17 
Dec.  27.. 


1902. 


Jan.  10  - 
Feb.  4-. 
Feb.  13. 
Mar.  S.- 
Apr. 7.- 
May  2-. 
May  15. 
June  9  . 
June  30 
jTily21. 
Aug.  4  . 
Aug.  19 
Sept.  2  . 


Qaffe 
height. 


Color. 


6.72 
5.86 
5. 78 


68 
48 
24 
38 


Turbid-    Alkalin- 
ity, ity. 


Hard-    Disch 


25  I  62.0  71.0 

8  83.0  84.0 

5  I  88.0  89.0 

5  ■  57.0  61.0 


5.90 
5.00 
4.75 
4.80 
4.75 
8.41 
6.54 

5.75 
6.30 
5.00 
«10.41 
fl6.18 
6.46 
4.88 
4.44 
4.90 
7.20 
4.69 
4.28 
3.95 


TENMILE  RIVER. 


13 

2 

12 

4 

8 

2 

8 

2 

6 

1 

25 

12 

22 

9 

11 

4 

13 

11 

8 

6 

21 

36 

12 

3 

19 

7 

12 

1 

16 

15 

19 

6 

40 

25 

11 

3 

10 

4 

10 

4 

121.0 
1:34.0 
146.0 
147.0 
137.0 
79.0 
108.0 

98.0 

90.0 
126.0 

60.0  I 
100.0  I 
105.0  I 
118.0  I 
130.0 
133.0 

88.0 
129.0 
138.0 
139.0 


142.0 
151.0 
154.0  I 
152.5 
86.0  ' 
106.0  I 


I 


103.0 
104.0 
137.0 

61.1 
103.0 
112.0 
123.0 
139.0 
160.0 

90.0 
141.0 
160.0 
155.0 


FISHKILL  CREEK. 


1901. 


Aug.  21 
Aug.  31 
Sept.  4  . 
Oct.  8 . . 


<^4.45 

39.0 

2 

<-4.57 

24.0 

4 

<^4.42 

24.0 

6 

3.90 

13.0 

3 

88 
85 


82 


a  All  readings  on  this  and  following  dates  made  on  new 
gage  placed  0.33  foot  higher  than  the  old  gage. 


f>  Approximate. 

<^  Taken  from  daily  gage  height 


QUAUTT   OF   BIVEB   WATER. 
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Turbidity,  color ^  alkalinity,  and  luirdnens  of  «/r<^aw«— Continued. 
FI8HKILL  CREEK— <\m tinned. 


Date. 

«a«e 
height. 

Color. 

Turbid- 
ity. 

Alkalin- 
ity. 

Hiird- 

11^88. 

Duw^hanre  in 
He<'ond-feet. 

1901. 

Oct.lO 

a.  Ho 

11.0 

'^ 

94 

100. 0 

100 

Oct.l7 

4.50 

36.  0 

4 

72 

'MW.O 

805 

Oct.25 

4.05 

16.0 

o 

88 

«84.0 

154 

OttSl ..    

4.00 

12.  0 

3 

87 

89.0 

140 

Nov.  5 

.3.90 

12.0 

5 

85 

89. 0 

113 

Nov.  8 

8.95 
4.35 

11. 0 
17.0 

4 
4 

85 
HO 

92.0 

H7.0 

(KK) 

Nov.l3 

250 

Nov.  1.5 

4.05 

21.0 

4 

78 

109. 0 

154 

Nov.  19  . . 

3. 95 

13.0 

4 

79 

94.0 

126 

Nov.  2a 

3.90 

8.0 

4 

83 

89.0 

113 

Nov.  26 

4.30 

22.0 

5 

74 

84.0 

283 

Dec.l7.   ... 

6.10 

29. 0 

12 

45 

47.0 

926 

Dec.  19. 

5.10 

21.0 

i 

58 

64.0 

409 

Dec.24 

4. 55 

11. 0 

•"> 

71 

78.0 

224 

Dec.26 

4. 55 

13.0 

4 

74 

79.0 

224 

Dec.31 

7.30 

24.0 

12 

33 

39.0 

1,682 

1902. 

♦Jan.2 

5.65 

15.0 

7 

52 

60. 0 

678 

Jan.  7 

4.80 

12.0 

3 

66 

78.0 

300 

Jan.9 

4.65 

11. 0 

o 

70 

81.0 

&253 

Jan.  14 

5.00 

5.0 

3 

79 

83.  0 

6370 

Jan.  16 

4.35- 

6.0 

•' 

79 

85.0 

6172 

Jan.  21 

4.  15 

6.0 

3 

82 

85.  0 

6128 

Jan.  28 

4.90 

30.  0 

52 

55.  5 

6334 

Jan.  m 

4.95 

9.0 

^ 

63 

77.0 

6352 

Feb.  4 . 

5.50 

13.0 

53 

60.  0 

6594 

Feb.7 

5.20 

U.O 

6 

72 

82.0 

640 

Feb.  11 

4.80 

7.0 

-1 

74 

Nl.O 

430 

Feb.  18 

4.40 

5.0 

« 

80 

86.  0 

268 

Feb.  20..   

4.40 

7.0 

11 

79 

87.0 

268 

Mar.  7 

5.  20 

n.o 

14 

48 

60.0 

640 

Apr.  18 - - 

4.f)() 

10.0 

."") 

63 

68.  0 

345 

Apr.  22               

4.  30 

9.  5 

4 

70 

72.  0 

233 

Apr.  24 

4.10 

11.0 

3 

72 

76.0 

169 

Apr.  29 

4.00 

13.0 

3 

79 

82.0 

140 

May  15 - 

3.90 

U.O 

4 

74 

85.0 

113 

May  20... 

3. 80 

11.0 

3 

76 

85.0 

88 

May  22 

3.70 

13.0 

2 

79 

85.0 

66 

aLiikely  too  low. 


/>  Taken  from  daily  gago  \ie\ght  t«iot^. 
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Turbidity,  color,  alkalinity,  and  hardnesn  of  streams — Continued. 
FI8HKILL  CREEK— Continaed. 


I 


Date. 


1902. 


May  28.- 
June  6  . 
June  10  - 
June  16  . 
June  19  . . 
July  5... 
July  8... 
July  11-    . 
July  16. 
Aug.  4  . 
Aug.  6  . . 
Aug.  11  . 
Aug.  13  -. 
Aug.  19  . . 
Aug.  21  . 
Sept.  1  - . . 
Sept.  2  . . . 
Sept.  5  - 
Sept.  9  _ . . 
Sept.  12 
Sept.  15  . . 


1901. 


Oct.  29 . 
Nov.  13. 
Nov.  23. 
Dec.  28. 


1902. 


Jan.  11  - 
Feb.  14. 
Mar.  18. 
May  3.. 
June  22 
June  23 
June  25 


height. 


Color.    I 


4.55 

34.0 

3.50 

11.0 

3.80 

19.0 

3.50 

14.0 

3. 50 

16.0 

3.60 

15.0 

3. 50 

20.0 

3.40 

14.0 

3.10 

10.0 

3.60 

13.0 

3.40 

11.0 

3.60 

14.0 

3.60 

17.0 

3.20 

10.0 

3.10 

7.0 

2.90 

12.0 

2.80 

.12.0 

2.90 

8.0 

3.00 

9.0 

3.05 

12.0 

3. 20 

12.0 

Turbid- 
Ity. 


2| 


Alkalin- 
ity. 


70 
79 
79 

84 
86 
81 
83 
86 
89 


Hard- 
news. 


Disrha 
second 


HOU8ATONIC  RIVER. 


4.05 
4.83 
4.10 
5.16 

5.00 
«8.30 
7.63 
6.10 
4.70 
4.50 
4.30 


19.0 
25.0 
21.0 
14.0 

13.0 
20.0 
24.0 
20.0 
24.0 
18.0  ' 
14.0  I 
a  Backwater. 


11 
4 
3 
3 


80.0 
81.0 
85. 0 
90.0 
91.0 
90.0 
85.0 
86.0 
94.0 


2 

81 

86.0 

3 

82 

89.0 

12 

74 

81.0  ' 

2 

74 

81.0 

3 

84 

90.0  1 

2 

84 

86.0 

4 

94 

96.0 

5 

93 

96.0 

3 

89 

97.0 

3 

85 

H9.a 

3 

73 

85. 0 

2 

77 

87.0 

i 

108  ^  103.0 

102  106.0 

100  105.0 

91  I  97.0 


96 
53 

78  : 
89 
92 
93  1 


92.0 
103.0 
60.0 
86.0 
92.0 
94.0 
95.0 


.] 


QUALITY    OF   RIVER   WATER. 
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Ttirbidity,  color ^  nlkcUinity,  and  hardnewt  of  streanM — Continned. 
HOU8ATONIC  BIVER-Omtinued. 


1902. 

Jnne  26 

Jnly2.    .     .. 
Jiily4.  ... 

Wye 

Jnly8 

July  15 

JnlylS 

July  22 

July  25 

July  29 

Ang.l.... 

Aug.  5 

Aug.  8 

Aug.  12 

Aug.  15 

Aug.  19 

Aug.  22  .    

Aug.  26 

Aug.  29 

Sept  2 

Sept.5 

Sept.  9.. 

Sept.  12 


lei^t. 

(^)lor. 

Turbid- 
ity. 

Alkalin- 
ity. 

Hard- 
new*. 

DlMcharffein 
8<M;ond-reet. 

4.30 

15.0 

o 

94 

95.0 

1,070 

4.60 

18.0 

3 

90 

90.  0 

1,400 

4.70 

20.0 

0 

91 

93. 0 

l,t;80 

4.50 

16.0 

2 

93 

93.0 

1,177 

5.00 

22.0 

3 

91 

94.0 

2,145 

8.90 

14.0 

5 

H5 

101.0 

750 

8.90 

18.0 

i 

95 

98.0 

750 

6.70 

;u.o 

22 

63 

75. 0 

5,119 

5.60 

30.0 

12 

73 

82.0 

8,050 

4.90 

26.0 

1 

88 

91.0 

1,800 

4.80 

35.0 

4 

88 

94.0 

1,650 

4.20 

14.0 

4 

102 

109.0 

983 

4.50 

14.0 

o 

102 

107.0 

1,177 

5.20 

32.0 

5 

73 

83.0 

2.300 

4.50 

31.0 

3 

85 

86. 0 ' 

1,177 

3.70 

11.0 

3 

96 

106.0 

.   . .   

3.90 

11.0 

2 

96 

99.0 

750 

3.90 

11.0 

4 

103 

107.0 

750 

3.90 

10.0 

3 

96 

104.0 

750 

3.60 

10.0 

o 

98 

113.0 

640 

3.60 

9.0 

I 

104 

110.0 

640 

3.40 

10.0 

1 

105 

109.0 

490 

3.90 

13.0 

o 

97 

104.0 

750 

I 


Though  the  number  of  observations  is  not  siiflficiont  to^ive  jiecurate 
curves,  the  results  as  shown  in  the  tables  liavo  been  plotted  in  Pis.  IX, 
XI,  XII,  and  XIII'*  and  tentative  curves  drawn  showinji;  the  relation  of 
these  qualities  to  the  discharge  of  the  stream.  In  the  curves  ri^present- 
ing  alkalinity  and  hardness  the  relation  seems  to  bi^  well  marked.  The 
diagrams  show  the  i^elative  hardness  of  thi^  vjirious  streams,  also  ratio 
of  decrease  in  hardness  as  the  discharge  increases.  Tlu^  regularity  of 
the  points  enables  one  to  prophesy  with  fair  precision  the  alkalinity  or 
hardness  that  might  be  expected  at  intermtKliatc  discharges.  The 
turbidity  and  color  are,  as  might  be  expected,  far  more  irregular. 
It  would  not  be  expected  that  during  a  rapidly  rising  flood  we  should 
find  the  same  turbidity  as  at  the  time  of  general  high  water.     The 


«8iDoe  the  diagrams  were  plotted  many  more  observations  have  been  obtained  and  are  included 
in  these  tables.    The  diagrams  have  not  been  changed,  as  they  are  only  intended  t^  be  «U!^- 
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[no.  71 


effect,  too,  of  a  loc»al  Khower  on  one  tributary  may  affect  the  quality 
of  the  water  much  more  than  the  same  increase  of  water  fn)m  another 
tribiitiiry,  so  tliat  in  an  exhaustive  study  of  a  large  river  the  effect  of 
floods  on  each  tributary  is  impoitant,  and  should  be  studied  rather 
than  the  river  as  a  whole.     Most  of  the  tributaries  of  the  streams 
under  consideration  are  short,  and  storms  would  usually  cover  a  larj^e 
part  of  the  drainage  basin. 

It  is  not  considenMl  that  results  have  been  obtained  that  are  final 
upon  these  points,  so  that  their  publication  is  in  the  nature  of  a  prog"- 
ress  report.  Mejisurements  are  being  continued,  and  it  is  hojjed  tha>t> 
better  curves  can  be  constructed  later.     The  curves  representing  tur— 


Fio.  8.— New  folding  turbidity  stick. 


bidity  and  color  are  merely  suggestions.  It  was  not  intended  that  the 
color  curves  of  the  Catskill  and  Tenmile  should  turn  so  far  to  the  left 
at  the  uppfM*  part. 


gagp:  heights  and  discharge  measurements. 

In  the  following  tables  are  given  the  mean  daily  gage  heights  during 
the  yeara  1001  and  1902  at  the  stations  established  upon  the  Catskill, 
Esopus,  Rondout,  and  Fishkill  creeks,  and  Wallkill,  Tenmile,  and 
Housatonic  rivers. 

Following  these  tables  are  records  of  cu rrent- me t^r  discharge  meas- 
urement's on  these  streams.  These  observations  and  measurements 
are  being  continued. 


:^"i 


OAOE   HEIGHTS. 
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Mean  dozily  gage  height  of  Catskill  Creek  at  South  Cairo,  N.  Y.Jor  1901, 


tor- 


JolT- 


1„.. 
T..._ 
I..... 

...... 

U..... 

li 

M 


Autf.  'S«pt. 


ITS 

3,  as 

atF7 
8.53 

I  £.85 


Oct. 


£.^ 
£.4 

3.05 

s,s 
a.  5 


£.B£ 

'  %n 

I  3.fT 

j  £.ar 

£.ite 


fLSI 
£.ffr 

£,« 

£H 


Not  J  Deo. 


£.7      £.55 
£.7      £,6S 

£.efi  !  z.m 

%m '  n.» 

^07  I  3.» 

17    aw 

£.7     3,  a 

S.05  I  3. 3G 


3.05 

£.fl& 
2.(r7 
2.S 
%.{& 
£.«& 


a.  as 

4,45 

aw 

1£.S 


D»y. 

July.lAoK- 

Sept. 

Oct. 

17. .,._,-., 

:j.«5 

2.4 

2.H2 

a  (12 

1H„.. 

:j.7k 

2.:»2 

2.W 

2.1)7 

1» ,. 

4..T» 

2.  ({2 

2.»7 

2.» 

KI , 

:ir»« 

2.«;7 

2.H2 

2.K-) 

£1 

H.ir 

2. 75 

2.H 

2.K2 

£« 

2.«7 

a.  (6 

2.H 

2.K 

m... 

2.ttr» 

H.22 

2.77 

2.8 

if* 

:{.o 

3.45 

2.72 

2.8 

sa.. 

3.(tt 

:j.55 

2.«7 

2.8 

a*. 

2.K2 

a.  2 

2.<J5 

2.8 

£:_._.■.... 

2.7 

2.ff> 

2.IS5 

2.75 

gH„..   ,.,. 

2.7 
,  2.72 

2.8 
2.7 

2.H 

2.7ft 

2»,,,, 

2.75 

;u 

2.115 

2.ft5 

2.«2 

2.7 

31 

2.« 

2.« 

2.7 

Nov. 

Dec. 

2.77 

5.0 

2.7ft 

4.4 

2. 75 

4.0 

2.75 

8.86 

2.75 

8.9 

2.75 

4.0 

2.7 

4.0 

2.7 

4.07 

2.7 

8.46 

2.7 

3.4 

2.(15 

8.4 

2.(J6 

aft 

2.65 

a  85 

2.  (ft 

4.5 

4.4 

w.. 
u.. 

12-. 
13.. 
14.. 
15.. 
16.. 
17. . 
W.. 
19. . 
».. 

a.. 


ft. 
ft. 

26. 

9. 
». 
31. 


Mean  daily  gage  height  of  Catskill  Creek  at  South  ( \tirit.  .V.  Y,,for  190^ 


Day. 


I  Jan.  Feb. 


4.40 
4.80 
4.05 
4.80 
a  70 

ass 

3.40 

a  80 
a  80 
a  80 
a  20 
a  30 
a  so 
a  00 

2.90 
2.90 
3.10 
9.85 
5.90 
4.80 
4.40  I 
4.0B  I 
8.85  I 
a  68 
a70! 
4.26  I 
4.80 


4.80 
5.06 
5.20 
4.46 
4.40 
4.40 
4.80 
4.25 
4.20 
4.25 
4.40 
4.50 
4.70 
4.95 
a  10 
a  20 

a  40 
a  50 
aeo 
a  80 
a  80 
a  80 
a  50 
a  20 
a  40 
a  50 

4.83 
0.15 


Mar. 

11.70 
9.68 
6.70 
6.80 
a  35 
5.40 
4.10 
4.10 
4.30 
5.20 
5. 75 
9.10 
9.20 
7.50 
5.4ft 
7.40 
9.43 
a  85 
4. 15 
4.50 
4.00 
4.55 
5.58 
6.48 
5.05 
4.93 
4.8:^ 
5.08 
5.73 
5.93 
5.4:i 


Apr.  ■  May.   June.   July.  ,  Anj?.    S<»i)t.     (h't.     Nov.  |  Dec. 


I 


6.36 

5.88 
4.96 
4.88 
4.90 
4.65 
4.40 
4.60 
11.66 
8.25 
6.98 
6.48 
5.50 
4.95 
4.78 
4.58 

4.:ft 

4.25 
4.20 
4.21) 
4.13 
4.10 
4.(W 
3.1'5 
H.W 
3.S() 
3.83 
a  73 
a  95 
4.10 


4.10  ' 
a  95 
a93 

a88 
3.8:3 1 

a  78 

3. 73 
3.70 
a(!0 
a  50 
3.40 
3.  *) 
3.28 

a  2:3 

:j.(15 
Hji) 

2.«5 
2.1M) 
2.  JV> 
2.9.^) 
2.Ki 
2. 7S 
2.JM) 
2. 95 
2.8.-) 
3.10 

a  25 ! 

3!  13  I 


2.95 

2.88  ' 

2.80 
2.8:3  ' 
2.88 
2.88  ' 
2.85 
2.90  ' 
2.N) 
2.75 
2. 70 
2.  m 
2.7H 


2.\M) 

2.88 

2.78 

2. 85 

2.N> 

2.80 

2.H> 

2.78 

2.70 

2.68 

2.65  I 

2.60  , 

2.80  I 

a  88  , 


:i.48 
•A.  28 
3. 13 
:i.  10 

4.45 
4.20 
li.4H 
:3.80 
:3.(>5 
3.  fJO 
3.  .55 
2.U5 
2.80 
2.8() 
2.75 
2.70 
2.  (m 
2.  70 
4.40 


<).  5:{ 
♦5.  is 
7.0k 
7.K5 
4.(V> 
4.20 
4.40 
4.38 
4.25 


4.50 
5.58 
4.:38 
4.13 
H.X) 
4.45 
4.21) 
3.«{ 
:3.80 
:3.65 
3.55 

:i..v> 

3. 45 
3.  15 
3.20 
3. 15 
3.05 
2.<»3 

3. 10 
3.(L3 
2.  '.JS 
2.  '.13 
2. 83 
2.  75 
2.70 
2.70 
2.73  ' 
2.85  ' 
2.98  ' 
a08  I 


2.90 


2.83  ' 

2, 75  I 
2.7:3  ! 
2.73 
2.70  ' 
2.73 
2.78  1 
2.90  ' 

:3.r)S  I 

3.  .V) 
3.28 

:3.4() 
:i.r».3  , 
:{..Y> 

3.  is  , 
3.0.5 

2.  Ho 

2.9K 

:{.2.5 

3.  48 
3.  .58 

:i.  \H 

3.10 

:{.25 

•'■•■■«  I 

4.35  I 

"4.70  I 

9.95  , 

7.30  i 


(J.  18  I 
5.63  ■ 
5.20  I 
4.80  ' 

A.m  I 
4.53  I 

4.40  I 
4.23  I 
4.05  I 

aw  1 
:3.«3  , 

5.  OK  , 
4. 00  I 
4.:^  ; 
4. 15 
4.25  ' 
:i.J»3 
:i.8.3 

:iso 
:i  8:{ 

13.73 

:i.  73 
3.riO 
:i.(Ki 
3.  m 
:3.50 
3.55' 

5.90  ! 
5.30  I 
4.70, 


4.45  I 


4.30 
4. 15 
4.05 
:3.95 
:3.90 

a  8:3 

:3.77 

a  73  ! 

3. 65  I 
3.55  I 
3.50  j 
.3.55  I 
:J.(53  I 
:3...3| 
•A.rn) 
3.  M)  ! 
'A.  40  ' 

•.i.'iii ' 
:v.i)  I 
:j.28  I 
:3.  :30 
:{.20 
3. 20 

3. 15 

:i.20 
;3.:3f) 
:i.85 

4.13 

:3.80 
3.63 


a  00 
a  63 
a  80 

4.18 
4.00 
4.00 
:3.96 

a  80 
a  70 

4.06 
4.40 
4.13 
4.00 
4.00 
:3.96 
4.53 
(i.a5 
5.43 
5.00 
4.80 
6.65 
8.48 
6.70 
5.13 
4.86 
6.66 
4.35 
4.20 
4.13 
3.95 
a  86 


a  12  o'clock  midniKht,  16.1. 
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FLOW    OF   K1VEB8    NEAR    NEW    YORK    CITY. 


Mean  daily  gage  height  of  Esopwt  Creek,  at  Kingston,  N.  Y.,for  J! 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 4.4       7.11    , 

9 '  4.4    [  5.72 

10 4.25     5.17 

11 4.25     5.(15 

12 4.3       4.H7  • 

IB 4.3    '  4.72 

14 4.2    ,  4.0 

16 ;  3.95     4.42 

16 4.2    '  4.42 


July. 

Aug. 

4.»6 

4.3 

a»5 

4.35 

3.7 

4.3 

aofi 

Sept. 


Oct.  J  Not.   Dec. 


«.47 
B  Jt 

5.  ft 

fi.S7 

£.42 

6.(JBS 

6.17 

4.95 

5.02 

4.87 

4.9 

4.87 

4.72 

4.75 


4.AS 

I  4.98 

I  4,7 

,  4.6S 

4.42 

!  i.^ 

4.47 

4.57 

4.5 

4.62 

4.47 

4.4 

4.6 

4.62 

4.67 

4.65 


Day. 


4.M 
13& 

4.37 
4.55 
4.47 

1.57 

4.47 

4.38 

4.32 

4.4^ 

4.57 

4.6 

4.45 

4.37 

4.43 


I  4.6 
,  4.Ae 

4.77 

I  5,46 

I  *^ 
4,«7 

I  4.72 
4.05 

i 

5.6 

!ll.5 

i  9.72 
7.36 
8.12 

|21.37 

,15. 2 


July.!  Aug.  Sept.  Oct.    1 


17 

4.06 

4.37 

5.0 

4.47 

J^ 

19 

4.05 

4.54 

6.27 

4.42 

4.6 

4.5 

5.(17 

4.6 

'    3»» 

4.15 

4.77 

5.35 

4.77 

1,^1 

....    4.1 

5.95 

5.17 

4.77 

'•iK 

....    3.9 

6.62 

4.77 

4.67 

ti 

....    4.<!5 

5.92 

4.«2 

4.67  1 

I|^* 

4.0 

7.35 

4.77 

4.62  ! 

i,^> 

3.9 

7.67 

4.5 

4.62  ! 

26 

-.       3.97 

6.52 

4.37 

4.52 

I|2r 

..       '.iMH 

6.02 

4.5 

4.42 

1,28 

..        3.K5 

5. 87 

r4.72 

4.45 

1,29 

...      3.72 

5.72 

4.45 

4.57 

30 

..       4.2 

5.45 

4.42 

4.47 

fsi 

- ...    4.25 

6.22 

4.6    « 

Mean  daily  gage  height  of  Esopus  Creek  at  Kingston,  N.  Y.,for  if 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

I 

1 

8.20 

7.25 

12.10 

9.35 

8.95 

4.85 

6.38 

7.09 

4.45 

13.38  1 

2..      . 

10.35 
9.95 

8.40 

7.45 
9.35 

7.72 

16.82 
15.75 

11.07 

8.09 
8.05 
7.64 

8.18 
7.78 
7.70 

4.83 

4.76 
4.83 

6.19 
6.00 
6.40 

7.95 
7.10 
6.90 

4.48 
4.43 
4.33 

11  68 

3     . 

10. 10  ! 

4 

9.50  1 

6 

7.65 
7.30 
6.95 
6.65 
6.50 
6.40 

7.52 
7.16 
6.70 
6.47 
6.14 
6.25 

9.45 

8.95 
7.90 
7.68 
8.a5 
9.20 

.7.33 
7.03 
7.18 
7.28 
13.10 
13.86 

7.4:^ 
7.11 
6.98 
6.74 
6.55 
6.40 

4.70 
4.73 
4.55 
4.63 
4.63 
4.68 

5.99 
6.19 
6.16 
6.03 
5.80 
5.58 

6.53 

7.08 
6.90 
3.43 
6.18 

5.88 

4.38 
4.33 
4.38 
4.38 
4.38 
7.68 

8.60 

6 

9.64  1 

7.  . 

8.(58  i 

8 

8.18 
7.86 
7.40 

9 

10 

11 

6.35 

.5.94 

9.05 

11.60 

6.23 

4.58 

5.50 

6.83 

6.00 

7.15 

12 

5.88 

5.88 

9.80 

10.22 

6.10 

4.45 

5.34 

6.25 

5.49 

9.10 

13 

6.00 

5.77 

11.85 

9.41 

5.96 

4.53 

5. 15 

5.73 

5.53 

8.47 

14 

5.93 
5.60 

5.(50 
5.58 

11.82 
9.98 

8.78 
8.25 

6.88 
6.70 

4.58 
4.40 

6.06 
4.98 

5.58 
5.3S 

6.18 
5.85 

8.00 
7.60 

16 

16 

5.58 

5.:vi 

9.3;^ 

7.90 

5.70 

4.46 

4.99 

5.30 

5.63 

7.33 

17 

5.59 

5.»« 

"18.28 

7.58 

6.50 

4.78 

4.89 

5.08 

5.30 

7.15 

18 

5.30 

.v.-w 

13. 10 

7.35 

5.33 

4.94 

4.80 

5.10 

5.13 

6.96 

19 

5.50 

5.45 

10. 13 

7.10 

5.38 

4.63 

4.78 

4.98 

5.08 

6.75 

20 

5.37 
4.tt") 
12.73 

5.:)0 
5.35 
5. 1« 

9.20 
8.62 
8.25 

6.93 

6.80 
6.78 

5.39 

5.38 
5.13 

4.60 
4.81 
5.55 

6.88 
10.00 
9.50 

4.98 
4.88 
4.85 

5.30 
6.88 
6.28 

6.73 
6.47 
6.30 

21 

22 

23 

10.88 

5.30 

8.20 

6.93 

5.08 

5.13 

9.28 

4.78 

5.88 

6.20 

24 

8.88 
8.00 
7.53 

5.ai 

5.a» 

6. 45 

7.87 
7.  (S3 
7.43 

6.88 
6.58 
6.3(J 

5.00 
4.88 
5.20 

4.9:^ 

4.81 
4.93 

8.38 
8.58 
8.(58 

4.(55 
4.70 
4.65 

5.68 
6.68 
7.00 

6.13 
6.31) 
5.87 

25 

26 

2r 

8.63 

9.30 

7.28 

6.  ,35 

5.20 

5. 15 

8.01 

4.r>5 

10.  a3 

5.78 

28 

8.08 

9.37 

7.17 

(5.20 

5. 58 

4.84 

7. 75 

4.65 

9.48 

7.83 

29 

7.72 

11.  ft") 

5.98 

5. 25 

4.81 

7.19 

4.70 

h22.43 

8.35 

30 

7.82 

12.55 

9.81 

5.(6^ 

7.10 

7.08 

4.00 

17.36 

7.75 

31 

7.48 



10.45 



5.(« 

7.;}5 

4.6:3 

7.50 

-- 

"HU 

rhe.st  w 

at«*r  at 

l.J«p. 

m.,25.2 

5. 

^Hiji 

'hOHt  w 

ater  at 

l.:«)p. 

m.,18.8 

0. 
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Mean  daily  gage  height  of  Randout  Creek  at  Rosendale,  N,  Y.,for  190 L 

Aug.  I  Sept.  Oct.    N(>v.|  Dec. 


...._„..,  ,,,-,-   T.S" 

_., -.   5,5 

J  6.11 

.„„.....  ,„„,,  aaf> 

., _.„!  a  IT 

.-,.„--.    .-,.„!  S.3B 

.... , ».:b 

.,.. ,    IB    ,  T,3r» 

-,- -  6.1      fi.« 

osa    tt.re 

...  6.1!    i,n 

«.^     ♦  42 

.-.„.„_,    n.3       6.«7 
,  «.:i1    «Jj5 

0.3  I  f[.m 

„ «.»)  a« 


Sept. 

Oet. 

T.fle 

7.K 

T.flS 

«,!» 

T.8 

a«* 

T.61 

6.6 

T.42 

6v7 

a.ir7 

6.flg 

B.87 

6,66 

fl.7T 

ivm 

asT 

6.^ 

6,0 

6.li^ 

6.6 

6.4£ 

6.^ 

6,4* 

6,72 

0.5 

6.5T 

7.  £5 

6.A 

7.TS 

a.tt 

7.87 

Nov.-  Dec.  !       Day.  July. 


6.5 

6.55 

17 

6.3 

«.  5 

6. 67 

7.1 

6.55 

8.95 

6.5      6.4 

IS 

6.85 

6.  75 

7.  (fi 

7.0 

6.55 

8.04 

6.5      tt.5 

19 

6.55 

7.0 

6.  H'» 

6.9 

6.55 

7.77 

6.45 

6.85 

m 

6.48 

6. 95 

6.65 

6.H 

6.5 

7.55 

6.4 

6.87 

21 

6.47 

8.75 

6.  .V) 

6.72 

6.4 

7.55 

6.4 

6.85 

22 

tt.:n 

8.15 

6.52 

6.7 

6.:^ 

7.67 

6.4 

6.92 

28 

6.4 

7.5 

6.47 

6.7 

6.4 

7.96 

6.4 

7.0 

1  24 

fl..H5 

9.0 

6.42 

6.6 

6.5 

7.75 

6.4       7.2 

25 

. ...  6.:i5 

9.4 

6.4 

6.6 

7.6 

7.22 

6.4      9.2 

26 

6.3 

8.1 

6.  .35 

6.6 

7.25 

7.12 

6.37  '  9.25 

27 

6.47 

7.47 

6.:j2 

6.6 

6.97 

7.0 

6.45 

8.22 

,28 

6.42 

7. 15 

6.3 

6.ru5 

6.87 

7.36 

6.95 

7.75 

1  29 

i  i\.T> 

6. 95 

7.  (ft 

().  5 

6.8 

9.1 

6.8 

8.97 

30 

6.67 

7.42 

7.41 

6.5 

6.8 

12.12 

6.82  .16.75 

31 

H.72 

6.72 

6.5 

10.0 

6.6     10.6 

i 
i 

Mean  daily  gage  height  of  Rondout  Creek  at  Rosendale,  N,  Y.^for  190:2. 


Day.         !  Jan. 


) 

) '."_ 

1.... 


8.73 
7.90 
7.90 
7.80 
7.90 
7.8:3 
7.58 
7.28 
7.13 
7.08 
7.10 
7.86 
6.65 
6.73 
6.83 
6.90 
6.78 
6.70 
6.78 
6.70 
6.73 
14.68 
9  81^ 
8.  .35 
7.85 
7.68 
8.05 
7  75 
8.00 
8.18 
6.00 


Feb.      Mar.    ,  Apr.     May.    June,  i  July.  |  Au(?.    Sept.     Oct. 


8.96 
8.95 
9.75 
9.35 
9.70 
9.25 
9.00 
8.83 
8.58 
8.a5 
8.18 
8.06 
7.98 
7.88 
7.80 
7.66 
7.53 
7.60 
7.:i6 
7.43 
7.48 
7.40 
7.43 
7.48 
7.56 
8.23 
10.68 
12.10 


17.20 
14.23 
12.53 
9.75 
8.70 
8.06 
7.95 
7.65 
9.40 
9.70 
9.30 
9.70 
11.06 
10. 15 
9.16 
8.80 
13. 10 
9.95 
8.(i5 
8.25 
8.08 
8.00 
7.88 
7.80 
7.6:j 
7.45 
7.8« 
7.3:3 
9.85 
9.5:3 
8.63 


8.18  i 

7.a5 

7.58 
7.. 58 
7.35 
7.25 
7.60 
8.10 
12.28 
11.40 
9. 75 
9.15 
8.63 
8. 15 

7.a^ 

7.65 
7.5<» 
7.38 
7.26 
7.1H 
7.10 
7.  (»5 
7.00 
tt.iJO 
6. 88 
6.9H 
6.95 
6.8:3 
6.78 
9.:38 


8.25 
7.70 
7.70 
7.75 
7..5(» 
7.3:3 
7.28 
7.15 
7.0:3 
6.93 
6.88 
6.8S 
6.K3 
6.fi8 
6.6:3 
6.70 
6.6(» 
6.«3 

6.rx) 

6.<50 
6.6H 
6.  ,50 
6.4M 
6. 45 
6.4(; 
6.  HO 
6.88 
7.2I» 
6.85 
6.60 
6.  (» 


6.58 
6.4X 
6.  .55 
6.(5:3 
6.48 
6.40 
6.48 
6.45 
6.48 
6.:38 
6. :«) 

6.:i5 

6.  .T> 
6.:38 
6:35 
6.  :35 
6.50 
6. 45 
6.;«) 
♦5.  43 
(5. 4:3 
T.iO 
6.  7() 
(5.50 
(5. 40 
6. 43 
6.50 
6.4:3 
6.45 
7.70 


7.08 

6.90 

6.98 

7.70 

7.2:3  j 

7. 13 

7.0l» 

6.88 

6.85 

6.(55 

6.58 

6.53 

(5.  .50 

6. 45 

6.  :i5 

6.40 

6.  :3:j 

(5.:3«) 

♦5.:3:3 

7.5:{ 

8.9:3 

».  18 

8.:{8 

"«.«4 
10.  :34 
8.95 
8.2:3 
7.81> 
7.:38 
7.80 

7.:3:3 


7.70 

8.:^) 
7.60 
7.28 
7.08 
7.25 
7.  .3:3 
7.03 
6.9:3 
(5.8:3 
6.80 
6. 10 
6.80 
6. 70 
6. 55 

(5.  r>8 

6.  .'lO 
6. 45 
rt.4() 
(5.40 
(5.:{8 

♦5.4M 
(5.40 
(5.40 
6.  '.U 
(5.:3l» 
6.28 
6.25 
6.:53 
6.  :)o 
6.:^» 


I 


10.03 
9. 28 
8.43 
7.9(» 
7.80 
8.78 
8.00 
7.65 
7.:38 
7.18 
6.% 
9.75 
8.65 
8.00 
7.57 
7.  :i5  ' 
7.2:j  I 
7.07 
7.(>7 
7.0(» 
(5.95 
(5.90 
(5.80 
(5.80 
«5.80 
(5.  73 
(5. 6:3 
9.:38  I 
8.60 
7.8:3 
7. 45  i 


Nov. 

7.26 
7.05 
7.03 
7.00 
6.90 
6.87 
6.95 
6.a5 
(5.80 
6.78 
(5. 73 
(5. 73 

(5.  r.\ 

(5. 70 
6. 70 
6. 70 
(5.  (55 
(5.  (55 
(>.(58 
(5.  (55 
(5. 155 
<5.  tio 
(5.  (50 
(5.  (50 
6.  .55 
6. 70 
6. 75 
((.90 
6.88 
6.80 


Dec. 

6.73 
6.70 
6.90 
7.20 
6.88 
6.80 
6.96 
6.98 
tf.88 
7.10 
7.08 
7.00 
6.96 
7.15 

7.  .50 
8.35 

12.95 
10.00 
8.80 
8.30 
8.36 
1.3.45 
10.  .58 
9.5^5 

8.  .50 
8.10 
8.87 
7.45 
7.27 
7.20 
7.20 


oHUrhest  WAt4>r,  12.6r>,  at  7 p.  m. 


b  Highest  water,  \r*.lV  aV  *A  V-  "kv. 
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FLOW    OF   RIVERS    NKAR   NEW    YORK    CITY. 


[HO.% 


Eathnated  dii'rrHion  from  Rondout  Creek  to  Delaware  and  Hndaon  Canals  Rosen- 
dale  J  N.  F.,  190^,  in  second-feet. 


1. 
2. 
3. 
4. 

5. 
6. 
7  . 
8. 
9. 
10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


26. 
27. 
28. 
29. 
80. 
81. 


Day. 


Jan.     Feb.  i  Mar.     Apr.  i  May.    June,  i  July,  i  Aug.    Sept.     Oct.  !  Nov.  Dec 


22.6  |. 
15.0  I 
24.6 


15.8 
11.4 
12.3 
15.3 
lfl.9 
16.4 


25. 
25." 
24.3 
26.] 
26.] 
25.  ( 


27.6 

23.1 

24.8 

24.3 

24.6  I 

24.5 

24.3 
34.1 
25.0 
24.1 
24.5 
22.8 

i 

24.3 
24.6  I 

2:11  ; 

23.6 
JK.6  i 
24.3 


25.2 

20.8 
11.6 
25.3 
19.5 
21.8 

2:18 

:i5.9 
24.9 
33.8 
27.5 
23.6 

22.3 
22.6 
24.8 
23.8 
23.9 
24.4 


21.2 

23.8 
28.1 


26.0 
25.6 


24.1 

23.1 
22.7 
34.3 
25.3 
26.1 
21.8  I 

■ I 

26.3  I 

25.3  I 

24.2 

26.0 

25.1  I 

22.7  I 


28.8 
24.5 
22.5 
24.5 

28.8 
24.0 


23.8 


24.0  I 
24.5 
24.6 
26.0  1. 
24.8  I 

24.5  ' 

25.6  : 
24.3 

23.8 
26.1 


21.8 


21.1 

28.0  I 

28.5 

26.3 

20.7 

24.1 


22.1  > 
20.1 
22.6  I 
22.8  I 
19.8  ' 
22.6  j 

26.7 


Mean I    22.1 

I  I 


24.0  I    23.: 


26.6 

25.6 

22.8 

24.3 

20.6 

19.0 

22.8 

22.8 

22.2 

25.1 

25.6 

22.5 

21.6 

25.8 

23.6 

23.0 

26.4 

23.8 

24.3 

25.8 
22.5 
24.8 
25.3 

25.8 

26.0 
23.5 
24.8 
24.3 
25.1 
22.2 

26.5 
26.6 
26.8 
28.8 
24.8 
22.0 


24.8 
23.8 
24.0 
26.1 
22.8 
22.6 


20.8 
22.1 


24.0 


22.6 
22.4  i 

22.5 

26.1 ; 

25.8 

■22.2. 

23.1 
22.4 

219I 

21.0 
23.5 
21.5 
23.3 
24.2 
24.8 

22.8 

22.1 

20.4 

20.6 

20.5 

19.5 

19.5  ' 

19.7 

21.3 

83.5 

21.0 

21.2 

23.0 
20  4 

228 

23  8 

24.3 

23  0 

26  0 



28.2 



Mean  diiily  (jagv  hoight  nf  Widlkill  River  at  New  Paltz,  N.  Y,,for  1001. 


Day. 


July.'  AiiK-   J^»'l»t-    Oct.  I  Nov.    Dcm 


U&y. 


1... 

«.!(» 

9.  a) 

7.4;-) 

6.00 

6.^» 

17 

2.-  . 

5.W 

9.85 

7.25 

H.(N) 

6.05 

IH 

3 

5.97 

9.75 

7. 15 

H.(NI 

6.00 

19 

4  ... 

6.00 

9.:^) 

7.00 

6.(10 

6.2*) 

3'> 

5 

«.  45 

8.55 

6.95 

rt.lk") 

6.:r» 

31 

6 

6.45 

8.  .r> 

6.85 

6.10 

6. 65 

±t 

7 

7.27 

12.  (fi 

8.(k5 

6.(i5 

0.00 

6.  ({0 

3:} 

8.... 

..    .  7.2:} 

11.25 

7.70 

6.47 

5.9.-> 

7.:«> 

34 

9.... 

.    .   .    6.93 

9.:«) 

7.47 

6.  :i-> 

5.85 

10.011 

35 

10...- 

.  ...  «.a"» 

9. 15 

7.45 

♦J. :«) 

5. 75 

i^.arj 

3f5 

11.... 

6.53 

9.10 

7.25 

6.:i> 

5.  a-j 

11.70 

37 

12.... 

7.:« 

8.05 

7.05 

6.30 

5.95 

io.:*> 

38 

13... 

7.<10 

7.70 

7.15 

o.a» 

6.441 

10.05 

39 

14 

7.15 

7.15 

6.95 

6..T> 

7.00 

10.00 

3i» 

15 

6.85 

7.40 

6.65 

7.  no 

6.90 

i:}.ai> 

31 

20..... 

7.10, 

1 

6.75 

7.85 

6.55 

13.  S5 

July. I  Aug. 


Se|A. 


T.15 

T.fl8 

7.  art 

fl.5<) 

W.35 

6.25 

I  6.05 

I  6.00 

6.00 

j  5.85 

5.85 
5.81) 
5.  «i 

\ 


9,26 

11.15 
10.15 
RSS 
10.25 
10.15 
9.70 
14.:*) 
13.00 
11.25 
10.60 
9.90 
9.15 


7.0ft 
7.45 

7.10 
6.95 


Ojt 


7.1& 
e,Q5 

e.i5 

6.82 


Not.  D«. 

S.25    litt 
I  8.U6    \k^ 

1 6.15  lasi 

iM  i  11  *» 

a  10  m^ 
-  8.66  i  mtf 


6.88 

6.80 

aa6 

lais 

6.66 

6.20 

8.10 

aft 

6.60 

6.12 

7.46 

9.0 

6.86 

«.10 

6.96 

9.ft 

6.86 

6.10 

6.86 

9.19 

6.66 

6.10 

6.66 

a» 

7.26 

6.10 

6.45 

\%M 

..» 

19lII 

BiTl  GAGE   HEIGHTS.  91 

rfOR  daily  gage  height  of  WaUkill  River  at  New  Paltz,  N.  Y.,  far  nm2. 


^j 


Jnn.     PvK 


15.15 

ia» 

12.9K 

1110 

ia45 

10.70 

10.20 

8.70 

9.15 

R.85 

8.75 

.    8.20 

8.05 

8.05 

8.00 

8.00 

7.70 

7.55 

7.50 

7.30 

7.30 

18..% 

17.  Gi 

13.55 

13.15 

l;e.20 

!  12.85 

I  12.65 

11.15 

9.50 

9.25 


8.75 
8.75 
10.65 
9.70 
9.75 
8.90 
8.15 
7.86 
7.78 
7.70 
7.66 
7.56 
7.40 
7.85 
7.15 
7.10 
7.» 
7.15 
7.08 
7.00 
7.06 
7.06 
7.10 
7.26 
7.80 
7.75 
11.40 
12.75 


I  I  '  I  I  I  I 

Bdmr.    Apr.     Hky.  Jnni^.  JiUy.    Anir.  !  H«}»t.     <ii*t.     N'ov.    \h^. 


23.80 
024.66 
22.76 
20.26 
15.20 
18.20 
12.70 
14.90 
10.46 
15.90 
16.10 
17.06 
16.50 
15.00 
1  14.66 
16.40 
ia75 
11.75 
10.60 
I  10.30 
,  10.20 
9.76 
9.60 
9.45 
9.00 
8.50 
8.20 
10.20 
11.06 
9.90 


9.86 

8.96 
8.65 
8.20 
8.00 
9.70 
7.70 
8.40  I 
Ibid.  65 
18.50  I 
12.20  I 
11.66  ! 
10.66 
9.80 
9.85 
8.66  I 
8.20 
8.00  I 
7.86  ^ 
7.60  ' 
7.45 
7.85  I 
7.15  I 
7.10 
6.96  I 
6.85 

I  6.75  I 
.  6.65  I 
jell. 75 


I 


10.26 
8.96 
9.15 
8.85 
8.85 
7.95 
7.50 
7.46 
7.36 
7.10 
6.80 
6.65 
6.60 
6.55 
6.50 
6.45 
6.36 
6.80. 
6.80  I 
6.80  . 
6.80  , 
6.80 
6.25  I 
6.20  j 
6.20  I 
6.45  • 
8.80  I 

9.20    ; 

8.40  i 
8.80 
7.90  I. 


7.50 
7.26 
7.06 
6.90 
6.55 
6.85 
6.80 
6.25 
6.80 
6.50 
6.86 
6.80 
6.20 
6.15 
6.10 
6.20 
6.25 
6.15 
6.18 
6.10 
6.13 
6.38 
6.40 
6.35 
6.20 
0.20 
6.10 

6.18 
7.01) 


7.25, 
7. 15 
7.50 
7.5H  , 
7.08 
6.78 
6.53 
6.35 
6.28 
6.10  ' 
6.00 
8.00 
5.90 
5.78 
5.70  ' 
5.70 
I    5.73 
!    5.58  j 
I    5.55  ' 
I    6. 10  1 
I    7.78 

f    7.40 
j'-ll.OO 
^14.00  I 
I    9. 10 

:  T.W 
7.45 
7.45 

H.45 


50 
10 

75  I 
60 
80  I 
tt5  I 
H5 

80  j 
05  ' 

9o; 

80  ■ 

75 

68 

60 

53 

48 

3K 

2H 

3t> 

15 

10 

05 

10 

05 

00 

00  !  12.00 

95     11.90 

25  ,  13.45 

m     10.35 

4<)   


6.10 

6.05 

6.00 

5.88 

5.78 

5.70 

5.60 

5.50 

5.50  I 

6.10  . 

6.45  I 

6.80  I 

6.35 

6.45  I 

6.25  ! 

6.15 

6.(15 

5.95 

5.80 

5.90 

5.90 

5.90 

5.90 

5.90 

6.15 

0.65 


10.25 
10.85 
10. 15 
9.65 
9.60 
X).  10 
9.45 
9.00 
H.55 
8.40 
8.25 
12.45 
11.90 
10.50 
9.70 
9.35 
9.00 
8.60 
8.60 
8.15 
7.95 
7.65 
7.47 
7.37 
7.15 
6.95 
6.85 
11.65 
11.25 
9.45 
8.95 


H.65 

8.35 

H.  15 

7.W 

7.65 

7.60 

7.60 

7.66 

7.15 

6.96 

6.75 

6.70 

6.60 

6.00 

6.60 

6.50 

6.50 

6.50 

6.60 

6.50 

6.40 

6.40 

6.65 

6.30 

6.80 

6.85 

7.35 

7.35 

T.lOi 

6.95  , 


I  !• 


I 


6.80 
0.70 
7.60 
7.96 
8.10 
8.56 
8.10 
7.70 
7.70 
66 
7.60 
7.60 
7.56 
7.60 
7.50 
7.60 
12.20 
12.26 
12.80 
12.30 
12.96 
19.00 
19.65 
17.20 
16,25 
15.30 
14.20 
14.20 
13.80 
12.30 
11.75 


rt  wat«r  24.80  st  p.  m. 
St  water  14. 6  at  p.  m. 


^Highest  water  15.4  at  Hp.  m. 
rf  Highest  water  1«.«  at  9  p.  m. 


»-  Hiprlie«t  water  12.6  at  p.  in. 


Mean  daily  gage  height  of  FinhkiU  Creek  at  Glenhinn,  X.  W.for  VJOl. 


Jaly.  Aug. 

3.95 

--. 3.82 

3.77 

3.67 

!  3.65 

[3.65 

4.70 

3.90  I  5.55 

3.90    4.77 

3.80    4.35 

3.78    4.12 

8.83    4.07 

3.80  !  4.02 

3.73    3.90 

8.70    8.90 

,3.65    8.82 


Sept.  (Vt.  !Nov.    Deo. 


Day, 


4.67 

4.60 

'4.47 

4.42 

4.:«) 

I  4. 15 
4.17 
,  4.10 
I  4.07 
!  4.02 
4.06 
14.87 
\  4.82 
,  4.16 
i  4.10 


4.05 
3.97 
4.10 
4.10 
4.00 
3.92 
3.90 
3.H7 
3.K5 
3.85 
3.85 
3.80 
3.80 
4.:«) 
4.85 
4.Ki 


3.97 
3.95 
3.95 
3.95 
3.90 
3. «.«) 
3.ie 
3. 95 
3.«.tO 
3.  H7 
3.87 
3.92 
4.32 
4.17 
4.05 
4.W 


3.90 

3.  i!8 
4.<I5 
4. OH 
4.10 
4. 25 
4.2H 

4.  l^< 
4.(fi 
4.7:i 
5.;«{ 

4.83 
4.60 
4.68 
6.78  ; 

r.45 


17. 

18. 

19. 

20. 

21 

22 

"X^ 

24 

25 

2(i. 

27. 


31  . 


July.  Auk.  ^Pt.  <><'t.    Nov.    Dec. 


.  3.73 
.  4.2:^ 
.  4.00 
:{.iio 
.  .'{.77 
.    .'{.TO 

.  a.JiT) 

3.  r/, 

3.(S 

.    3.60 

-    3.45 

3.57 

4.35 

.    4.15 


3.  H5 

5.  or 

4.70 
4.41) 

4.  45 
4.iC) 
4.(J2 
4.70 
(S.40 
(J.  55 
5.<15 
5.20 
4.85 
4.70 
4.57 


4.  15 

4. 22 

4.12  I 

\.Krl  , 

4.<« 

4.00  ' 

3.92 

3.W) 

3.H7 

3.85 

3.80 

8.87 

3.95 

4.20 

I 


4.  .V> 
4.40 

4.:i2 

4.23 

4.20 

4. 15 

4.12 

4.10 

4.05 

4.00  I 

4.00 

4.(N) 

4.00 

4.00 

3.97 


3.  ifi 
3. 95 

3.i»r> 

3.95 
3.  \t\ 
X%\ 
3.90 
3.90  i 
4.35 
4.88  ' 
4.18 
4.08  I 
4.00  ' 
8.98  I 
I 


«.18 

5.5:j 

5. 15 
4.08 
4.78 
4.73 
4.7:^ 
4.55 
4.60 
4.55 
4.85 
4.16 
6.75 
8.28 
7.60 


92 


FLOW    OF   KIVER8   NEAR   NEW    YORK    CITY. 


[so 


Meati  daily  gage  height  of  Fishhill  Creek,  at  Olenham^  N,  T.,  for  J90f. 


Day. 

Jan.  1 
6.05 

Feb. 
5.00 

13.00  1 

Apr. 
4.90 

May. 

June. 
3.88 

July. 
8.70 

Aag. 
3.80 

Sept. 

Oct. 

Nov. ; 

i 

1 

5.48 

2.90 

4.25 

4.40; 

2 

5.65 

4.75 

10.01) 

4.78 

4.98 

3.70 

8.53 

8.70 

2.80 

i.20 

4.33 

3 

5.30  ' 

6.63 

8.78 

4.68 

4.70 

8.60 

3.46 

3.60 

2.95 

4.00 

4.20 

4 

5.30 

5.55 

6.70 

4.60 

4.73 

8.70 

3.85 

8.60 

2.78 

a83 

4.15 

5. 

6.18 

5.58 

5.80 

4.5:^ 

4.63 

3.70 

8.60 

8.50 

2.90 

3.83 

4.05 

6. 

4.iG 

5.28 

4.95 

4.45 

4.46 

3.55 

8.70 

8.48 

2.95 

4.20 

4.03 

7 

4.80 

5.25 

5.05 

4.53 

4.»> 

3.50 

8.70 

3.48 

2.90 

4.20 

4.00 

s. 

4.70 

5.00 

5.15 

4.63 

4.30 

3.85 

8.55 

8.40 

2.95 

8.93 

4.00 

9 

4.65 

5.18 

5.90 

5.13 

4.20 

3.86 

3.46 

8.40 

3.00 

3.85 

asBi 

10 

4.63 

5.05 

7.75 

5.65 

4.10  1 

3.75 

3.38 

8.30 

3.33 

3.78 

ago 

11 

4.60. 

4.75 

6.95  1 

5.53 

3.90 

3.60 

8.40 

3.50 

8.25 

3.70 

ass 

12 

4.58 

4.80 

6.50  ■ 

5.28 

3.98  j 

3.50 

8.30 

3.86 

3.08 

4.95 

ass ! 

13 

4.75 

4.U0 

6.70 

5.0-) 

3.96  ' 

3.40 

8.23 

3.65 

8.30 

5.08 

ass 

14 

5.00 

4.40 

6.63 

4.90 

3.90  1 

3.43 

3.20 

8.48 

3.28 

4.08 

ass 

ir> 

4.7U 

4.33 

5. 98 

4.80 

3.90  ■• 

3.50 

3.13 

8.40 

8.20 

4.36 

a  so 

10 

4.86  ' 

4.25  1 

5.65 

4.70 

3.90 

3.60 

3.18 

8.35 

3.16 

4.30 

ass 

17 

4.28 
4.25 

4.48 
4.W 

6.73 
6.45 

4.60 

4.58 

3.80 
3.70 

3.95 
3.70 

8.10 
3.10 

8.28 
8.20 

3.15 
3.18 

4.80 
4.00 

aso 

18 

a7o  j 

19 .... 

4.25 

4.33  i 

5.70 

4.50 

3.75 

3.50 

3.08 

8.20 

8.00 

4.00 

a  70 

20 .   . 

4.18 

4..% 

5.  at) , 

4.40 

3.80  1 

3.53 

3.20 

8.15 

8.05 

8.95 

a6s 

21 

4.18^ 

4.38 

5.:jf»  1 

4.35 

3.83 

3.50 

4.16 

8.10 

3.08 

3.90 

a  68 

22 

5.88  ! 

4.Kj 

5.23 

4.3[) 

3.68 

3.75 

4.70 

3.16 

3.15 

3.80 

a6o 

23 

6.55  ' 

4.a5 

5. 13 

4.23 

8.68 

3.60 

4.66 

8.10 

8.06 

8.80 

a60 

24. 

5.15 

4. 90 

5.00  ! 

4.15 

3.60 

3.50 

4.10 

3.10 

8.18 

8.70 

a63; 

25 

4.75 

4.70 

4.85  ' 

4.05 

3.60 

3.40 

i.l8 

8.15 

2.95 

8.75 

a68| 

26 

4.63 

4.85 

4.75  ! 

4.06 

4.20  1 

3.50 

4.10 

3.05 

8.48 

8.78 

a68 

27 

5.00 

5.8H 

4.70  1 

4.13 

4.16 

3.40 

4.05 

8.00 

8.60 

8.70 

a  96 

28 

5.00 

7.10 

4.55  ' 

4.08 

4.58 

3.30 

8.90 

8.00 

3.60 

4.65 

ass; 

29 

4.ir> 

4.85  , 

4.0t) 

4.23 

3.35 

3.80 

2.95 

4.80 

5.48 

aso 

30 

5.(r> 

5.4<)  ' 

4.83 

4.08  1 

4.08 

4.20 

2.96 

4.75 

4.83 

a7o, 

31 

4.95 

5.06 



3.90  ' 

3.95 

2.90 



4.65 

^fean  (Inilu  U(tgr  hright  of  Tenmile  River  at  Dover  Plains,  N.  Y,,for  1901 


Day. 


S**pt. 


Nov. 


De<-. 


1 5.02 

2 4. HI 

3 Vof)  , 

4 ."i.(50  ' 

5 4.S7 

6 4. Ho  • 

7 4. 75 

8 4.(«  \ 

9 4.(« 

10 4.65 

11 4.(^5 

12 4.65  ' 

13 4.57  I 

14 6.27 

15 6.82 

16 6.42  1 


'I 


Day. 


Sept. 


4.ifi 

4.65 

4.W)  ' 

4.67 

4.tt) 

4.95 

4.85 

5.50 

4.87  1 

6.06 

4.87  1 

5.40 

4.85 

5.02 

4.80  1 

4. SO 

4.77  1 

4.77 

4.75 

6.35 

4.67  ' 

6.72 

4.irr  1 

6.35 

5.90  1 

6.12 

.-».  .-lO 

6.47 

5.27 

11.17 

5.  10 

9.50 

17... 
18... 
19... 
20... 
21... 
22... 

24... 
25... 
26... 
27.   . 

2i<... 
29  .. 

:«)... 

31 . . . 


5. 

5. 

5. 

4. 

4 

4 

4. 

4. 

4. 

4. 

4 

4 

4.77  _ 

5.60  i 


Oct. 


6.17 
5.87 
5.62 
5.60 
6.47 
5.40 
5.85 
5.27 
6.20 
5.00 
6.02 
5.05 
4.97 
4.95 
4.92 


Nov. 


5.05 
5.90 
4.87 
4.87 
4.a5 
4,79 
4.75 
4.75 
5.20 
5.10 
4.90 
4.95 
4.85 
4.72 


1  6A0X  HXIGHXB.  98 

m  daiip  fgage  JM^  of  TwmXU  River  at  Doner  PUUne,  N.  Y.,for  1909. 


Jan. 


'  T.70 
7.00 

!  6.fl5 
6.10 
6.  OB 
6.15 
6L10 
ft.  80 


ft.fi6 

5.00 
6.65 
6.» 
6.K 
5.K 
4.« 
4.05 
6.05 
6.10 
6.05 
6.05 
11.05 

aio 

I    0.85 

{    5.80 

j    6.70 

I    7.80 

7.45 

j    0.05 

«.» 

6.50 


FelK 


6.40 
0.10 
6.06 
O.0B 
6.60 
666 
6.10 
610 
4.06 
4.00 
610 
610 
4.80 
0.16 
685 
6.16 
605 
605 
600 
4.85 
4.75 
4.08 
4.40 
4.60 
4.65 
6.88 
8.46 
0.T8 


14.15 
14.  U) 
I4L48 
685 
695 
680 
0.85 
685 
680 
10.60 
0.16 
670 
0.10 
640 
7.70 
7.80 
616 
7.00 
665 
618 
610 
616 
680 
685 
605 
680 
685 
7.48 
7.60 
7.80 
680 


Apr. 


660 
646 
625 
60B 
680 
680 
618 
640 
680 
7.60 
7.10 
660 
680 
616 
610 
680 
688 
668 
6.66 
646 
685 
5.88 
618 
600 
4.85 
4.05 
680 
625 
680 
7.00 


M^. 


June. 


685 
685 
6fiO 
680 
605 
680 
676 
665 
685 
688 
4.85 
4.85 
4.85 
4.80 
4.80 
4.75 
4.65 
4.60 
4.65 
4.08 
4.66 
4.  SO 
4.40 
4.80 
4.80 
5.06 
680 
660 
618 
4.80 
4.70 


4.65 

4.50 
4.40 
4.65 

4.48 
4.85 
4.25 
4.48 
4.66 
4.48 
4.80 
4.20 
4.75 
4.70 
4.85 
4.45 
4.65 
4.45 
4.28 
4.15 
4.40 
4.60 
4.88 
4.88 
4.15 
4.10 
4.05 
4.05 
4.10 
4.70 


I 


July. 


Aug.  I  Sept. '  Oct. 


4.45 

4.25 

4.85 

5.68 

4.88 

4.00 

4.68 

4.88 

4.8H 

4.23 

4.20 

4.10; 

4.15  j 

8.90  1 

8.88  i 

4.80 

4.18 

3.88 

4.  OB 

4.65 

698 

7.16 

635 

5.76 

5.68  I 

5.50 

5.30 

5.40 

5.25 

5.65 

5.25 


610: 

4.88  I 

4.65 

4.68 

4.58 

4.43 

4.65 

400 

4.45 

4.48 

66H 

5.03 

5.95 

4.78 

4.68 

4.23 

4.1H 

4.15 

4.15  j 

4.18  { 

4.25  I 

4.23  1 

4.10  I 

4.08 

4.oh; 

a98  I 
8.96  I 
8.85 
3.83 

3.80  j 
3.85 


600  I 
8.88  ! 

iim 

8.00 

a88  i 

3.80'' 
8.85 
3.88 
3.95 
4.2!)  i 

:i95  I 

3.90  ' 

4.10 

4.23 

4.18 

4.08 

688 

688 

4.  OB 

4.28 

4.88 

4.18 

4.15  j 

4.08  I 

4.05  : 

4.08 

4.65  I 

O.IJO  ' 

7.76  i 

5.08 


5.78 

5.85 

5.43 

5.10 

5.  HO 

685 

638 

613 

4.90 

4.83 

600 

610 

698 

5.87 

5.63 

643 

625 

5.15 

627 

620  I 

4.90 

4.80 

4.75 

4. 73  I 

4.65 

4.55 

4.00 

7.06 

7.10 

6.37  i 

6.00  ' 


Nov.  I  Dec. 


675 
5.5r) 
64:) 
5.33 
630 
625 
610 
5.08 
600 
4.98 
4.88 
4.78 
4.88 
4.80 
4.88 

4.rj 

4.65 

4.60 
4.58 
4.55 
4.58 
4.55 
4.53 
4.58 
4.70 
4.98 
4.78 
4.65 
4.33 


4.45 
4.48 
4.80 
4.90 
4.78 
4.78 
4.80 
4.85 
618 
5.08 
4.85 
4.80 
4.80 
4.98 
608 
616 
10.47 
0.18 
8.28 
7.70 
7.74 
11. 50 
10.65 
658 
7.95 
7.48 
7.05 


o  BeadhigB  on  new  gage  from  this  date,  datum  0.33  above  former  ganfe. 
kiUy  gage  height  of  Houeatonic  River  at  Oaylordsville,  Conn.,  for  lUOO. 


i>»y. 

Oct. 

Nov. 

Dec. 

Day. 

Oct.      Nov. 
3.6 

Dec. 

3.2 
8.1 
8.1 
2.9 

4.9 

4.6 

4.3  1 

4.2  1 

5.6  ' 

5.8 

5.4 

5.1  ' 

4.9 

4.5 

4.2 

4.2 

4.2. 

4.2 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

i 

H.5  1 

' 

3.6  ' 

3.7 



8.0 
2.9 

4.1    . 

4.0 

2.8 
8.2 

2. 9          :i. »            4. 8 

. 

3.1          3.9            5.1 



3.5 
4.1 
8.9 
67 
66 
67 
67 
67 

3. 2  .        3  8!         43 

3. 1  '        i  A            A  e 

61 
61 
61 
60 

5.5           A  1 

28 

64 
61 
4.0 

4  2 

20 .•- 

80 

4  0 

69 

81 

4.8 

\ 

\ 

94 
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Daily  gage  height  of  Houaatonic  River  at  OaylordgmUe,  Conn.,  for  1901 


Day. 


Jan.     Feb.     Mar. 


-I- 


1 

2 

8 ' 

4 1 

6 

6 

7 

8 

9 

10 

U 

12 

18 

14 

15 

16 i 

17 

18 

1« 

ao 

a ■ 

22 1 

28 

24 

26 ' 

» I 

27 

28 i 

80 ! 

81 1 


4.40 
4.00  I 

(«)  i 

(a)     I 

(«)     I 
4.60 
4.60  I 
4.40  I 
4.2D 
4.40  I 
4.10 
4.70  I 
4.00  I 
8.60 
3.70  i 
8.80  I 
4.40 
4.00 
8.60 
8.40 
8.80 

8.eo 

8.70 
8.60 
8.60 
8.70 
8.80 
a70 
8.60 
8.60 
3.40 


a2D 
3.80 

aao ' 

aao 

aio ' 

aoo| 

a40 , 

a6o! 

a40 

a70' 

a6o  I 

a80 ' 

a40 

a7o  I 

a60 

a4o 

a4o  > 

a40 

a2o 

a8o| 

a  40 

a6o  j 

a4o{ 

a20; 

a8o  I 
aoo  I 
a  40 
a  80 


aao 
afio 
aao 
aao 

4.10 

aw 
aw 
aao 
aeo 

7.60 
8.20 
7.60 
6.00 
5.50 
5.60 
5.60 
4.60 

4.aa 

4.80  I 
4.80  ' 
10.00  I 
8.70] 
7.40 
7.10  ' 
6.60  I 
6.60. 
7.20  ' 

6.90    ; 

6.60  > 
6.20 


Apr.    May. 


5.80 


5.80  I 
5.80 
5.80  ' 
6. 10  I 

a60  , 
a60 
7.80  I 
8.30  i 

aoo 

7.80  i 

7.20 

6.70 

6.50 

6.10 

5.90 

5.90 

5.60  i 

5.30 

5.20 

5.20 

7.80 

9.30 

8.40 

8.50 

8.80 

7.86 

7.21) 

6.90 

7.00 

6.40 


Jane.  |  July. 


6.20 
6.20 
6.40 
6.80 

aoo 

5.60 

5.50 

5.80 

5.20 

5.20 

5.70 

6.30 

a  10  ' 

6.00 

5.60 

5.60 

5.30 

5.30  ' 

5.80  , 

a20 

a20  I 

5.80  I 
5.H0 
5.60 
6.80  I 

6.70 : 

6.80  I 
6.80 

ago  I 
a80  I 
aoo 


a20 
aoo 

5.70  i 
5.50 

aeo 

5.20  I 
5.20  , 

aso 

5.60 

5.40 

5.20 

4.90 

4.80  ' 

4.60 

5.20  ' 

4.70  ! 

4.60' 

4.20  I 

4.30  I 

4.20  I 

4.10! 

4.00  I 

4.30 

4.70 

4.60 

4.30 

4.20 

4.00 

4.00 

a  80 


a60 
a  60 
a80 
a90 
a7o 

4.00 
4.00 

a80 
a80 
a  80 
a90 

4.00 
4.00 

a90 
a  60 
a60 
a  70 
a  60 
aoo 
aao 
a  60 
a  50 
a4o 
aoo 
a  60 
a  GO 
a  50 
a  50 
a  60 
a  40 
a  70 


Aug. 


a60 
a70 
a  50 
a40 
a  30 
a  30 
a  90 

4.80 
4.40 
4.10 
4.00 
a  90 

a7o 
a  70 
aoo 
a  70 
aao 
aTo 

4.00 

a  80 

4.10 
4.70 
4.80 
4.80 

a  80 
a  70 

5.70 
5.20 
4.80 
4.60 
4.40 


Sept.     Oct. 


4.30  I 
4.40 
4.70  I 
4.60  , 
4.60  1 
4.40  , 
4.40 
4.40  . 
4.00 

aoo 

4.00 
4.20 
4.00 
4.00  , 
4.00 
4.10  I 
4.10 
4.70  ' 
4.G0  i 
4.40  ' 
4.20 
4.20 
4.00  I 
a80  ! 

a9o  I 

8.80  I 

a80  I 
aso  I 
aoo ! 

4.40  I 
I 


4.30 
4.20 
4.50 
4.00 
4.40 
4.20 
4.00 
a90 
4.00 
4.00 
a  80 
3.80 

a80 

5.20 

a  70 
aoo 

5.80 
5.30 
5.10 
4.90 
4.80 
4.00 
4.60 
4.40 
4.30 
4.30 
4.20 
4.00 
4.00 
4.30 
4.10 


Not. 


4.00 
4.20 
4.00 

aw 
a  70 

4.10 

aso 
a80 
aso 
a70 
aso 
aao 

4.80 
4.90 
4.70 
4.60 
4.50 
4.40 
4.20 
4.30 
4.20 
4.20 
4.10 
4.20 
4.60 
4.80 
4.50 
4.00 
4.00 
4.80 


a  Frozen. 
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daUif  gaffe  heiafU  <^  Btnuaitmie Rivtr  ai  Oa^lordnfUU,  Cfonn.,  fcr  190S. 


•f' 

J«B- 

Pal*, 

M». 

Ai^, 

Mv. 

Jiuw, 

Jnlj. 

A^lf. 

Am ' 

HLMJ 

Ur;t. 

A.  GO 

6.  ISO 

JkAl» 

6.90 

Dee. 

7.10' 

iwao 

4.10 
4.  to 

&0O 

4.70 

4,40 

I.MO 

4.10 

4,16 

ft.  40 
4.  VI 

«.90 

mio 

ft.SD 
6.80 

aifl; 
6.  so 

4.40 
4.00 

4,40 

4.70 

4.66 
4.4A  1 

A.m 

6.15 

4.VA 

4.4D 

4.00 

^m 

4.ai 

T.ao 

&0O 

A.  00 

4.SVI 

A.m 

AM 

Ii«6 

6.m 

4.t« 

4.00 

hjm 

4.00 

«i80 

5.60 

ft.flO 

4.WI 

AM 

4.40' 

11.66 

A.  15 

4.7o 

4.90 

&» 

4.ao 

fllflO 

5.110 

6.00 

4.00 

4,  HO 

4.00 

S.OS 

A.  00 

4.0^ 

4.05 

i.» 

4.10 

«.» 

5.  TO 

A.8U 

4.m 

6JI» 

4.66 

S.flQ 

4.H6 

AM 

4.80 

fi.W 

9.50 

6LH) 

«.10 

A.  SI 

4.10 

4.70 

4.66. 

^66 

4.7(1 

4.E0 

0,46 

11.10 

«L«> 

i.m 

aw 

4.90 

4,ao 

4.fiC» 

4.46' 

4.00 

4,A6 

4.86 

3.66 

7.00 

aoD 

t.90 

A.  00 
4.00 

4.  ISO 

4.A0 

4.40 

4,30 

*.ao 

6.16 

4.00 

a.  90 

4.40 

6.3U 

4.30 
4.46 

1190 

3176 

4.7D 
4.» 
4.fi0 
4,00 
i.80 

4.ai 

a80 
a«> 
&ao 
r.io 

fl.<IO 
T.« 

T.iO 
7,© 

&V0 

4.90 
4.  SO 
4,10 

4.0D 
4.00 
4.fiiJ 

4.40 
4.TO 
4.00 
4.  HO 
4.  SO 
4,40 

4.ao 

4.00 
am 

4.10 

KM 
H-flO 

6.«1 
4.TO 

4.H5  1 
4.a>| 
AM 

3.W 
4.10 
4.00 
3.00 

a.  70 
aTA 

6.:i» 
6,10 
6.(11 

4,*ll 
4,75 
4.00 

4.40 

4.  no 

4.60 
4.40 

4.H6 

4.a 

4.  no 

4.06 

4.m 

4.  BO 

7.90 

7.  as 

4.40 

4,a 

4.AD 

aoo 

T.30 

Km 
&0O 
7.00 

T.OO 

aeo 
flLin 

(LIO 

a.«o 

OLOO 

&A0 
6.« 

6.10 
6l10 
6.00 
*.» 

4.4D 
4.») 
4.00 
4.411 
4.90 
4.10 
AM 
4.50 

4.11^ 

4.40 
iMi 
4.  TO 
4.50 
AMI 

A.m 

AM 

3.» 
4.« 

aoo 

«.ao 

IS,  (10 
a.  70 
5,A0 

A.ao 

4.C6 

4.m 

4.10 

aw' 

AM 
3.7.^ 
3,«l 

3.Tn 
a,  06 

4.af> 

4.aV 

4.ao 
4.45 

4,40 

4.4A 
4.4& 

4.40 

4.30 
4» 
4.30 
4.80 
4.80 
4.C6 
4.16 
4.B 

6.70 

a86 

e,eft 

3.00 

a«o 

7,66 

T.ao 

ft.  00 

.     4,00 

laio 
aoo 

« **^  -  - 

5.40 
fliTO 

MO 
A.  to 
ft.  SO 

4.011 
hM 

6.00 
4.  TO 

AM 
AM 
4.10 
AM 

4.lfi 
4.  MS 

3.Ki 
3.00 

3.  DO  1 
B.70 

4.0U 

ft.  30 
6.00 

4.»0 

0.66 

O.UI 
A.W) 

4.flO 
4. 60 
4.40 
4,26 

«.0( 

i.00 

A.  75 

6.90 

6.00 

96  BLOW    OF   BIVEBS   NEAR   NEW    YORK    CITY.  fi 

Currttit'metvr  discharge  measurements  of  Catskill  Creek  at  South  Cairo,  > 


Oct.  10  . 
Oct.  4  . 
Nov.  8 
Aug.  19 
Sept.  23 
Nov.  9 . 
July  4... 
Aug.  1  - 
Oct.  22  _ 
Sept.  7  . 
Aug.  9  . 
July  25. 
Sept.  2  . 
Aug.  27 . 
July  17.. 
July  20. 
June  13 . 
June  24 . 
Aug.  27  . 
Sept.  5 . 
June  3  . . 
May2;^-. 
Sept.  22 
July  9.. 
May  10- 
Aug.  13 
Nov.  7  . 
Dec.  3.. 
Oct.  10.. 
Apr.  22. 
Aug.  2.. 
July  23.. 
Apr.  11.. 
Mar.  13 


Date. 


1901. 


Gkwe 
height. 

2.58 

2.70 

2.70 

2.70 

2.74 

2.75 

2.75 

2.80 

2.82 

2.92 

8.00 

3.00 

3.00 

8.12 

8.50 

3.60 

2.69 

2.70 

2.74 

2.79 

2.82 

2.83 

3.32 

8.365 

3.47 

3.49 

3.80 

3.90 

3.92 

4.06 

5. 36 

6.11 

6.86 

8.66 


Dischanre. 


Hydrojfrapher. 


I 


Hecond-feri. 
23.3 
25.6 
27.6 
39.6 
35.6 
42.3 
60.9 
47.9 
54.2 
68.8 
81.5 
81.9 
87 

121.4 
260.3 
307.5 
40.6 
43.5 
39.4 
50 
49.5 
51.1 
121 
113.5 
133 
135 
235 
275 
242 
320.2 
1,005 
1,602 
2,312 
5.483 


HoUister  and  Schlecht. 
W.  W.  Schlecht. 

Do. 
Hollister  and  Place. 
W.  W.  Schlecht. 

Do. 
Horton  and  Hollister. 
A.  E.  Plac^. 
W.  W.  Schlecht. 
A.  E.  Place. 

Do. 

Do. 

Do. 

Do. 
Pressey  and  Place. 
A.  E.  Place. 
W.W.  Schlecht. 

Do. 
H.  K.  Barrows. 

Do. 
W.W.  Schlecht. 

Do. 
P.M.ChurchiU. 
H.  K.  Barrows. 
W.W.  Schlecht. 
H.  K.  Barrows. 
F.H.Tillinghast. 

Do. 
P.  M.  ChnrchiU. 
W.W.  Schlecht. 
H.  K.  Barrows. 

Do. 
W.W.  Schlecht. 
Horton  and  Schlecht. 


A  measurement  made  February  27, 1002,  with  the  stream  obstr 
by  ice,  showed  the  discharge  363  second-feet,  j^age  height  4.72. 
stream  was  frozen  from  bank  to  bank  to  a  depth  of  G  to  8  inche 
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t'hieter  diacJiarge  mecumretnentn  o/  Empus  Creek  at  Kingston^  A'.  Y. 


Date. 


1901. 


my3. 


h^^t.       Di8«-barK«'.  ,  HydroKrapher. 


Feet.        I 
8.«0  I 
3.80  ! 
4.10  I 
4.82  I 
4.40 
4.4.-)  I 
4.55  j 
4.55 
4.60  j 
4.62  ' 
4.62 
4.70 
4.74 
4.75 
4.78 
4.85 
5. 0() 
5. 26 
5. 46 
5.50 
5.56 
5. 65 
fi.  1 1 
6.  26 
6.64 
S.  :r> 
11.46 
12.15 

4.. is 
4.4«J 
4.',)4 
5.02 
5.0:{ 
5.  l;i 
5.  45 
5.81 
5.  s;j 
5. 87 


S^'t'fttKi-jWt. 

:{9.1) 
64.  •? 
144.  <) 
148 
172.  7 
126.5 
167.  H 
150. 4 
180.2 
165.  M 
18S.  1 
178.:: 

1N4.;> 
195. 4 
200.:; 
25i).  i 
244.  : 
:i20.  1 
352.  2 

364. 3 
3S|).  S 
3<.»6.  1 
554.:; 
72S.  (; 
785.2 

1.472 
l.:2(l..s 
3.  {)S(| 

135.  s 

133 

UM 

225 

231.:' 

2r»s.  s 

272 

450.4  . 
422 
440 


A.E.Placr. 

Do. 

Do. 
Horton  an<l  Hollinter. 
A.E.Plao'. 
W.W.Sc'hlecht. 

Do. 

Do. 
HolllHtt'i*  .'inil  Place. 
W.  W.  S<;h!eolit. 
Goo.  B.H( blister. 
W.W.SchLH-ht. 

Do. 

Do. 

Do. 
A.E.Placr. 
W.W.S<-hlecht, 

Do. 
A.E.Plarc. 

Do. 
W.W.Sc'hlecht. 
A.  E.  Place. 

D... 

Do. 
W.W.Srhleoht. 

Do. 

Do. 

Do. 

W.W.Schlfcht. 
H.  K.  ]5;irro\vs. 

Dm. 

W.W.SrhltH-hr. 

Do. 
H.  K.  Da r rows. 
F.H.Tilliiiglia.st. 
Barrow.s  and  Sclilewht. 
W.W.Schlecht. 
P.  M.  Churchill. 


i  76— o:^ 
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Cftm*mf'jn*'tf'r  dim'harge  meaHnreinrnfs  of  Kftt^pun  Cret'k,  etc, — Continned. 


Diit*'. 

Oagi' 

height. 

DinrliarKf*- 

1                    Hydrojrrapher. 

1002. 

hWf. 

S*Ti  mil- fret. 

Nov.  11.        ...      . 

0 

41ft 

F.H.Tillingha.^t. 

Aug.  V2                 . 

ft.  28 

550 

H.  K.  Barrows. 

Ma\'24 

ft.  iv< 

''  274 

W.W.Schlecht. 

Jnn«»  5 

ft.  41 

a  <v:2 

Do. 

Nov.  5                         . 

ft.  5ft 

504 

F.H.TillinKha.'it. 

Apr.  0:i  . 

0.04 

82H.  :\ 

W.W.Sc-blecht. 

May  14 

T.14 

o  508 

Do. 

July  IM) 

T.ft5 

1,155 

H.K.Barrowft. 

.Inly  J I 

s.  1 1 

1.848 

Do. 

Oct.  4             .. 

0. 5V2 

1.800 

P.M.rimrchill. 

Mar.  I'J         

0.90 

2.  S4:J 

1  Horton  and  Sfhlecht. 

Apr.  :m 

10.  2H 

2.M18 

W.W.Schlocht. 

Apr.  10 

1:{.:1T 

5.021 

Do. 

Mar.  1 .    

20.  :{s 

M2.ft20 

Do. 

"  Mea:^nr«M!  at  Glasgow  Bricl','«\  (ilcn  Eyrio. 

f'  Larjfo  cjiiantitii's  «»f  floating  it*<»  in  tho  str<>nin.    Snrfa«»o  velooitios  wwhI. 

The  follow iiiiT  measiiroments  won*  also  made  dnriiiji:  tho  yH^ru 
ioo  obst  ruction  by  W.  W.  Sclil(M*ht : 

February  i^O:  (Tati:<v  li(Mjj:lit,  •'>.-^'*^;  <lischar^(»,  245  soeond-foct;  i 
partly  frozoii  ov<m'.  F(d>ruary  15:  (hiiJ^o  lioij^ht,  5.^0;  discharge 
s<»eon<l-f<»ot;  river  mostly  frozen  over.  February  7:  Gage  height, ' 
discharge,  530  seeon<l-f(^et :  river  partly  frozen.  Sopt^^nilMM*  20, 
p.  n\.,  the  stn»ani  attained  a  Hood  stage,  giving  a  rc^ading  of  25.t: 
th(^  gage. 

Ciirrtnil'iiH'ter  th'.'irhftnjc  vu^asnmnfufs  <\f  Rnmlonf  Crrek  fit  Ronvudale,  N. 


July  IS     . 
Au^.  r» 
Nov.  7  . .  . 
Sept.  21 
Oct.  11.. 
Oct.  1 1  _ . . 
Nov.  10 
JulyO. 
Au^.  15 
Ort.  7.  . 


Dat*' 


1001. 


(4ajro 
h<*i^lit. 

St'iunnl-ft'vf . 

Hy«ln»;jrapher. 

Ff'rt. 

fi.:{o 

lis.  2 

A.  E.  Placo. 

r».  40 

00.4 

Do. 

Ck  42 

138.2 

W.W.Srhlecht 

ft.  45 

lao.ft 

Do. 

0.4: 

103.2 

Do. 

0.47 

201.  S 

G.B.Hollister. 

ft.  55 

183 

W.W.Schlecht. 

ft.  55 

310 

Horton  and  HoUiRter. 

(i.  5."> 

225.  4 

A.  E.  Place. 

ft.  00 

217.5 

W.W..Schlecht. 
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rut-meter  discitarge  measurements  of  Rondout  Creeks  etc, — Continnetl. 

D«t«. 

1901. 


lfH)*2. 


Oage 
height. 

Diflcharge. 

Hydrograplier. 

Ffrt. 

i<rvomi-feet. 

i\MO 

420.  7 

A.  E.  Place. 

0.94 

520. 4 

HolliHt^r  aijd  Place. 

7.0:^ 

509. 9 

W.W.Si'hlei'ht. 

7.  ir, 

044.0 

A.  E.  Plate. 

7.50 

745. 4 

D<>. 

7.50 

H:m.  1 

1>». 

7.(;<) 

772 

W.W.Si-lilecht." 

7.  SO 

1.200 

A.  E.  Place. 

8 

l,4iK).S 

W.W.Schleiht. 

7.21 

075. 4 

Do. 

11.95 

5.  :i5.S 

Do." 

o.:n 

107- 

B.  M.  Churchill. 

o.:w 

141.9 

IT.  K.  Harrows. 

o.:{:} 

i:J7. 2 

Dn. 

O.iW 

145 

Do. 

o.:^< 

10:{ 

W.  W.  Schlecht. 

0.42 

100 

Do. 

0.55 

2.S8.  4 

F.  H.  TilliiiKhast. 

0.70 

m: 

Do. 

0.  h:\ 

:^s2 

W.  W.  Schlecht. 

0.  S.->5 

421 

Do. 

7.00 

570 

F.  H.  Tillinprhast. 

:.:u) 

s:js 

IT.  K.  Barrows. 

7. 40 

sss 

Do. 

H.OT 

1 ,  529 

W.  \V.  Schleclit. 

17.00 

i:{.9:U'. 

Do. 

1 1 .  7H 

5.(W>r» 

Do. 

"  Stn^m  flonu'wliJit  (»}>Mtru«'t«Ml  }»y  shon-  !«•«». 

itioiial  measuromenls  w(mo  made*  by  \V.  \V.  S(*hle(*hl  wliiU'  tho 

va.s  frozen  ovor,  as  follows: 

niary  IJ^,  pijre  hcMjjclit,  7.70;  diseharirc,  -U-  socoiid-foot.     Tho 

wa.s  frozen  over  from  l)ank  to  hank  and   slnsli  had  colhu'ted 

the  ie»\ 

rnary  20,  |?ap:e  heijrht,  s.lo;  disehar.ire,  54:3  seeond-feet.     Slush 

the  iee  ina<le  an  unsatisfactory  n^eord. 

ruary  :30,  jjajje  heijrlit,  S.4.'i;  discharge,  0H4  seeond-feet.     Iee  eov- 

lie  river  from  bank  to  bank  and  slush  had  eolleeted  underneath. 


100  FLOW    OF    RIVERS    NEAR    NEW    YORK    CITY.  [: 

The  Delaware  and  Hudson  Canal  has  been  abandoned  in  New ' 
State,  with  the  exception  of  the  portion  from  High  Falls  feedc 
Rondout  Ci'eek  to  tide  water,  below  Eddy  ville.  The  gaging  static 
Rosendale  is  situated  opposite  the  canal  level  between  locks  6  ai 
The  water  supply  of  this  level  is  drawn  entirely"  from  Rondout  Ci 
In  order  to  determine  the  amount  of  this  diversion  during  the  se 
of  canal  navigation,  usually  from  April  1  to  Decemlx?r  10,  a  re 
has  been  kept  at  lock  No.  (3,  or  Creek  Locks,  at  the  lower  end  oi 
Rosendale  level.  The  reconl  includes  overflow  at  by-pass  weir,  y 
used  for  lockage,  and  flow  through  paddles  in  miter  gates.  The 
also  a  small  amount  of  leakage  in  the  lock  walls  and  gales  whicl 
not  been  determined.  Tlie  flow  in  the  canal  at  lock  No.  6  add< 
the  flow  at  the  Rosendale  station  will  give  the  total  actual  ru 
from  Rondout  Creek  above  Rosendale.  The  following  tables  i 
the  mean  monthly  and  estimated  daily  diversion  during  the  c 
season  of  1002.  The  estimated  flow  in  the  canal  as  recoitled  in 
is  as  follows: 

SecoD 

October,  UH)l 

November  21.  liK»l 

Mean  monthly  direrHum  in  second-fret  to  Delaware  and  Hudson  Canal,  liKk 

near  Ronendale,  in  UH>:J. 

Becon 

March^'. 

April - 

May 

June -    

July 

August 

September _   . .    ...    ...    ... 

October 

Current-meter  meannrementH  of  Wallkill  River  at  A'cir  Paltz,  X.  Y. 


Date. 


1901.  I 

Nov.  9 

July23 .1 

Oct.  11 

Oct.  11 ! 

Oct.  24- ' 

Oct.  9 

Nov.Ki. .. 

July  7 


Julys. 


heif^ht. 

Ditk;barjre. 

Fet't. 

1 
Second-fcct. 

5.  #4 

178 

1  W.W.Schlecht. 

5.20 

30(i 

A.  E.  Place. 

«.  80 

340 

'  W.W.Sc^hlecht. 

0.  30 

355 

1  Geo.  B.  Holliste: 

0.33 

333 

W.W.Schlecht. 

«.4H 

39H 

Do. 

«.  oO 

402 

Do. 

7.19 

S24 

Horton  and  Hollister. 

7.25 

812  , 

Do. 

'«Mar<*h  m  to  :n.  incluKivr 
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-mfter  nietiHuretiieniH  of  WnUkUt  hii\K  at  Nrir  Paitz,  .V.  V. — (NmtiniiiMl. 


«r|>^«  Fv*t.  Sfninil-ft'ft.  •    ' 

...  .' 7.  :m  s:M)     W.  W.  S<-1ilvr)ir. 

..  7..V2  l.cei  Do. 

. 7.7:1  l.o7<»     Hnrt<»ii.Plac«-.;iiVl  S<:hir'iht. 

7.K-,  l.():;s     A.K.PljM-f.  '  -     '.- 

s.S.")  l.-vj::  !>,,.  '     : 

'         M.fto  l.(>:r>  Do. 

ft.  07  1.1M7  Do. 

_ 10.<H)  2.7'JJ>     iI(»llisttT}m(l  rUiri-. 

.    10.01)  'J.av>     A.E.P1j'(<-. 

ii.r»()         :{.(Ui)    w.W.s<-lil.-cht.' 

l.{.7i>  :J.*2:7  Dt.." 

14.  s.-,  7.:mr)     A.?:,  mart.. 

IIHVJ. 

T).  70 

.  5.  mi; 

."i.jMi 

.-  n. IS 

(5.:;:J 

0.40 

.   ().  (•)•.> 

c.  r>s 

n. ::» 

.....     . r».s() 

().  <r,> 

7.:j:j 

7.4'» 


:.<»■» 

r.  ii.*< 

II)  viw 

1 lo.U:| 


"  Strt'sni  olwtnictoil  by  ice  mv 

'•Mt'asurwl  throuj^h  i<'«.'  I  f(M)t  c.  iiichi 

''Mi'aHnnNl  tbroimrh  ir**  1  f«M)t  to  :t  f««**t  in  thirknoss. 


124.  :j 

IT.  K.  Barrow^. 

HiO 

D... 

'J0:>.  •". 

r^anows  ami  <  'hurcliill 

!>!)."» 

\V.  W.  ScliliH-ht. 

:M4 

Dn. 

:{sf 

Dn. 

.*>.")«  > 

F.  H.  Tilliii^'liast 

r»(M; 

W.  W.  Silil.Mlit. 

ols 

H.  K.  Harrow^. 

ijjr, 

F.  H.  TilliiiKliast. 

''(Wo 

\V.  W.  Srhl.M-l.t. 

'j^S 

Dn. 

IM-J 

H.  K.  Harrow.-. 

l.O-^s 

\V.  W.  Sclil.'clil 

:>!»: 

Do. 

1. 11;:, 

F.  II.  Tiliiii-hast. 

1.  i:>n 

II.  K.  narrow-. 

•.*.«;•.>;{ 

\V.  W.  S'lil.M-lit. 

:».:r)i 

Do. 

:.  MO 

Do. 

iMK'kw.'ltt' 

r. 

ii-.-itorif.'. 

•t  Ti  iijilii's  ill  tliii'kiifs'. 
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Cnnrnt  meter  measurements  of  fisJikill  Cre?k^  at  Olenham^  Dutchess  Cc 

.   '.  'V.  r. 


Date. 


July  24. . 
Oct.  12. 
Nov.'oV 

■^pt.27 
July  20  . 
Julys... 
Nov.  20  . 
Oct.  5... 
Oct.  15 . . 
Sept.  6  -  - 
Sept.  18  . 
Dec.  24,- 
Aug.  21  . 
Aug.  30  . 
Dec.  13. 
Oct.  15  _. 
Dec.  31 . . 


Aug.  26 
July  14. 
Aug.  1 1 
Oct.  11. 
June  2  . . 
July  28 
June  1 7 
Nov.  8 
Apr,  25. 
May  6.. 
Feb.  11.. 
Oct*  80. 
Apr.  12. 
Mar.  5  . 


1901; 


1902. 


pehtiigrht  Discharge. 

Hydrographer. 

Feet. 

St'vond-feet . 

3.60 

60 

A.  E.  Place. 

3.  SO 

97 

Geo.  B.  HoUistt^r. 

3.85 

82 

W.W.Schlecbt. 

3.8.5 

110 

A.  E.  Place. 

3.86 

90 

W.W.Schlec-ht. 

3. 90 

1135 

A.  E,  Place. 

3.92 

147 

Horton  and  HoUister. 

3. 95 

114 

W.W.Schlecht. 

3.98 

126 

Do. 

4.05 

137 

Do. 

4.15 

193 

A.  E.  Place. 

4.22 

229 

Do. 

4.52 

315 

W.W.Schlecht. 

4.56 

342 

A.  E.  Place. 

4.60 

3?o 

Do. 

4.62 

375 

W.W.Schlecht. 

5. 10 

579 

Do. 

7.43 

2,210 

Dp.<' 

3.04 

48. 5 

H.  K.  Barrows. 

3.18 

64.4 

Do. 

3. 51 

115 

Do. 

3.71 

155 

P.  M.  Churchill. 

3. 785 

132.3 

W.  W.  Schlecht. 

3.90 

200 

H.  K.  Barrows. 

4.00 

212.5 

W.  W.  Schlecht. 

4.00 

233 

F.  H.  Tillinghasl. 

4.03 

^152.4 

W.  W.  Schlecht. 

4.46 

349. 5 

Do. 

4.87 

^202.5 

Do. 

4.97 

697.7 

C.  C.  Covert. 

5. 30 

772.6 

W.  W.  Schlecht. 

5.79 

1,129 

!          Do. 

fl  Surface  velocity  used, 
ft  Probably  incorrect. 

<* Ice  along  banks  at  gaging  station,  frozen  from  bank  to  bank  W  yards  below  titat 
9  inches  thick. 


rr.l 
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Ht-nuter  dUcf large  meaaurementti  of  Tenmilf  Riwr  at  TalHtrn  bridyr.  Mow 
Dover  Plains,  X.  T. 


16. 

18  . 
1  . 


I). 


DhU*. 


1901. 


1903. 


heiglit. 

DiMclmr^r. 
Srvoml-ft't't. 

Hyan»Kn» 

hWt. 

r>.  27 

245.4 

A.  E.  Pljuo. 

4.:J« 

70.8 

W.  W.  Sc-hlec-ht 

4.75 

121.5 

Do. 

4.7« 

128. 4 

Do. 

4. 7(i 

120.0 

Do. 

4.«8 

140.  1 

Do. 

5.01 

187.0 

Do. 

0.54 

554 

Do. 

7.19 

092.  s 

Do. 

8.41 

1,218.4 

Do. 

3. 95 

08 

ILK.  Barrows. 

4.28 

100 

Do. 

4.45 

'^  158 

W.W.Sc-hlecht 

4.67 

179 

Do. 

4.09 

184.8 

H.  K.  Barrows. 

4.80 

211.5 

F.H.Tilliugha.st 

4.87 

211 

Do. 

4.88 

280 

W.W.Schlecht. 

4.92 

249 

Do. 

5. 50 

880 

Do. 

5.80 

448 

P.M.  Churchill. 

0.18 

52<) 

W.W.Schlecht. 

0.18 

558 

Do. 

0.40 

040 

Do. 

7.  IH 

821 

U.K.  Barrows. 

10.41 

2.880 

W.W.Schlec'ht. 

"  River  nearly  covered  with  ice  from  bunk  to  bunk  uiul  1  j  to  l*j  im-hes  thi».*k. 
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Cnrrent-vieter discharge  measnreitumtn  of  Hnn«iiUm  ic  River  at  GaifhtrdHvill 

I>at<». 

1900. 
Oct.  20 

Oct.  24 

AiiK.  10 

AnK.  9 

1001. 
Ang.a 

Sept.  28 

Sept.  13 

Oct.  29 

Nov.  28.... 

Nov.  18 

Dec.  28 

19J)2. 
Sept.H ... 

Sept.  19  ....  

Anp:.  20 -      

Aug.  5 

July  11 

Nov. 29 . 

June  23 

Nov.  15 

Oct.3 

May  3 

Jnly22 

Mar.  18.. 

Mar.4 


height. 

Diwharge. 

Hydrogra]>her. 

hWt. 

S*'rt„ui-frt't. 

3 

303 

E.  (4.  Paul. 

3.10 

370 

Do. 

3. 2.") 

422 

Do. 

3. 30 

450 

1         Do. 

1 

3. 50 

549.5 

A.  E.  Place. 

3.  78 

700.8 

W.  W.  Sclilecht. 

4 

911.7 

A.  E.  Place. 

4.05 

951 

W.  W.  Schlecht. 

4.11 

965.4 

Do. 

4.H2 

1.863.7 

Do. 

5. 16 

2,250 

Do. 

3.45 

543 

H.  K.  Barrows. 

3. 75 

640 

Biirrows  and  Cliurchi 

3. 05 

835 

H.  K.  Barrows. 

4.28 

9S3 

Do. 

4.30 

1.159 

Do. 

4.40 

1,281 

F.H.Tillinghast. 

A  AW 

1.177 

W.W.Sihlecht. 

4.50 

1.350 

F.  H.  TiUinghast. 

5. 35 

2,133 

P.M.  Churchill. 

<5. 10 

4.459 

W.W.  Schlecht. 

6.08 

5. 1 19 

H.  K.  Barrows. 

7. 63 

H,  259 

W.W.  Schlecht. 

9.9 

13.601 

Do. 

INDEX 


Abhritt.  H.  L..  and  Humphreys,  A.  A., 
cited  on  fonii  <:f  vertical  ve- 

IcK'ity  curve 22 

ivfereneeto 31),  40 

-AlMnit y,  method  of  determining T« 

"f  streanui  discu-saed,  diagram  show- 
ing        7rt 

tahlesbowing TT-Ho 

Alien.  C.  J,  work  of (K 

Awtin, Tex, hydraulic  plant  at,  failure 

of 1(1 

l^bb.  C.  C.  reference  to 2) 

Bwr  Valley  dam,   California,   lack  of 

water  in 

KriHftll,  G,  X.,  measurements  suggested 

>>7 - 

t^tskill  Creek,  alkalinity  observationHon, 

diagram  showing  results  of . . . 

•'•lorobflervationjj  on,  diagram  s'-iow- 

ing  results  of 

•iischarge  measurements  of 

gage  heights  of 

gaging  citation  on,  description  of 27-2f< 

view  of 2t\ 

hartnesw  observati<jns  on,  diaj;rrani 

showing  nwults  of 78 

quality  of  water  of,  table  showing  ...        77 
tnrbidity  observations  on,  diagram 

showing  results  of 7<> 

^flocitieH    in    vertical    sections    (»n. 

tables  showing :i.\-4i  K  4.'> 

under  ice,  tables  showing .> 

Telu'ity  tit  mid  depth  and  m<^n  ve- 

kx^ity  on,  relation  bctwe  m 

vertical  vel'X'ity  curve  for,  diagram 

showing 

Color,  methods  of  determining 

of  streams  discussed,  i*esults  of  ol».-!4'r- 
vations  of,  diagram  showing. . 

table  showing 

standards  for  determining 71 

tubes  and  disks  for  determining  i)lat 

showing 7i 

Cunningham,  Allan,  cited  on  v<»locity  <if 

rrnl  floats 1.^ 

Current  meter,  plate  showing J*  • 

use  of,  in  determining  velocity lt»  2«» 

Tiewshowing 18 

Dams,  nse  of.  in  determining  velocity IH  1» 

Darr7,H..  formula  derived  by 2fi 

t>eProny,  work  of 2i\ 


AH 


•J4 
7:t  7»l 


:t 


7.1  ::>  I 


PiiKe. 
Diwliar^e    measurement**.    niethcMls    of 

iimkinK-  views  of »s 

tiibl.'s..f    «:.  !'!4 

Disks    for     meusnring    color    of    riv»r 

water    72 

l>over  PhiiiiH,  ga>fin)^  station  at,  de.s<'rip- 

tion(»f 2li 

Tenmile  Kiver  at.dis<liai%'e  mi^asure- 

mentsof I(« 

KaK'c  lieight s  of r.i  \<i 

veliM-itie<  in  vertical  MM'tions  o:i. 

tal)l«>ssliowinir »{.4.'> 

Elli.s.  T.  «.,  reference  to .  2).4& 

Esoinis    CrcH'k,   alkalinity    obH«»rvati()ns 
on,  diftirnnii   ^liowinjr  r«'snlt>» 

of 76 

color  obs<»rvjit ions  on.  (liairi*aii\  show- 
ing n-snlt-*  of ',i 

curves  of  ('(inal  \el(M'ity  on.  diairruiu 

showiniir 22 

dis<'liar>?e  nien>*urcnipnts(<:" '.»7-'.»S 

g.ige  lieiyrhts  of    88 

jfa^iiiK'  slatlon  on.  (lescrijjtion  of 2i< 

viewof 2Q 

liardness    obsorvanonA   (»n.   di:i^r;iin 

sliowin.'j:  r 'snlt^<»f 78 

quality  of  water  of,  t:il»l.'  showint;.       »^  >-81 
turbidity   observations  on,   dia^'rani 

showinjr  n>sult  of 70 

vel«»<'itiesiii  velti(•al^'e(•tions on. tables 

showiuf^ :i:i-'M.Vi 

u'ndt'r  ii-e,  table  showiui;     ..  ."> J  V). (5  {. «»4 
veloejty  at  mid  (le]>tli  and  im  an  v<- 

hxity  <»:i.r«>lation  between ii\ 

verti'-al  \ elo<-ity  curve  f  ..-.  d.a.irnnii 

sliowiny: 24 

undi-r    iio  c  >ve;-.  dlaj^raiu    sliow- 

in^' - «l 

Fislikill   Creek,    alkalinity    observations 
"u.  diajjrraui  showlniLC  r»«sults 

of 7« 

«-ol(ir  ol)servations  on.  tliaiLri'ani  show- 
ing' results,  r         . 74 

<lis<'liarp'  uieasurcnii'iilsof l(fc» 

K-ap'beJK'htsof m-\« 

M:a^inj^  station  on.  (les<*rii»tion  <  f       . .        2x 
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ILLUSTRATIONS, 


UTE   I.  Map  of  Molokai - 9 

n.  A,  South  coast  of  Molokai  at  Kolo  windmill,  west  end  of  inland 
(looking  west),  showing  sea  cliff  and  Hiiccesfdve  basalt  flows 
sloping  down  toward  the  coast;  B^  Month  of  Kawela  Gnlch, 
south  coast  of  Molokai,  showing  bowlder-filled  creek  bed  and 
steep  side  slopes  cut  in  basalt 10 

in.  A,  Kama]o  Gulch,  south  coast  of  Molokai,  showing  parts  of  sur- 
face of  volcanic  cone,  deeply  dissected  by  steep  gulches, 
debris  fans  at  mouth  of  gulches,  and  conil  reef  below  shallow 
water  near  shore;  B,  North  coast  of  Molokai  (l(x>king  west 
from  the  landing  at  Wailau ) ,  showing  fault  scarp  along  north- 
em  coast,  horizontal  basalt  flows  near  base  of  cliff,  and  i)enin- 
sula  of  leper  settlement  in  tlie  distance 12 

rv.  A,  North  coast  of  Molokai  (looking  west  from  summit  of  trail 
to  leper  settlement) ,  showing  summit  plateau  and  fault  scaq) 
exposing  a  great  number  of  basalt  flows,  elevation  1 .600  feet 
above  sea  level;  B,  North  coast  of  Molokai,  moutli  of  Wailau 
Valley  (looking  east),  showing  fault  s(^arp  3,000  feet  high  and 
alcove  type  of  eroded  valleys 14 
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LETTER  OF  TRANSMITTAL, 


Department  of  the  Interior, 
United  States  Geolcxucal  Survey, 

Washhigfon,  J).  (\,  Orioher  1,  1902, 
Sir:  I  have  the  honor  to  transmit  heiowith  a  inaniiHerii)t  ])y  Wal- 
deniar  Lindgren,  geologist  of  this  Survey,  with  the  request  that  it  1)6 
published  in  the  series  of  Water-Supply  and  Irrigation  Papers.  This 
manuscnpt  relates  to  the  water  supply  of  Molokai,  one  of  the  Hawaiian 
Islands.  It  was  prepared  from  the  results  of  an  investigation  made 
anofficially  by  Mr.  Lindgren  in  1900.  The  observations  ma<le  at  that 
time  and  the  conclusions  drawn  from  them  hav(»  such  general  interest, 
as  showing  the  i)08sibilities  and  limitations  of  one  of  the  group  of 
islands,  that  it  is  desirable  to  make  them  available  to  the  ])ublic.  Of 
especial  interest  are  Mr.  Lindgren's  notes  on  the  gradual  decrease  of 
the  forested  area,  the  probable  effect  of  grazing,  and  the  intimate 
relations  of  these  to  the  available  water  sui)ply. 

The  problems  of  water  conservation  are  here  shown  to  be  rather 
difficult  and  involved,  but  are  similar  in  nuiny  respects  to  those  of  the 
arid  West,  the  solution  being  found  in  combined  systems  of  storage, 
water-power  development,  use  of  the  power  in  pumping,  the  construc- 
tion of  wells,  collecting  tunnels,  and  the  economical  employment  of 
various  devices  for  lifting  water.  ()])portunity  is  thus  offered  for  the 
exercise  of  skill  and  mature  judgment  by  tlu»  geologist,  hydrographer, 
and  civil  and  mechaniciil  engineer. 

Ver>'  respectfully,  F.  II.  Newell, 

Hydroijraplier  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  of  United  States  Geoloyirid  Survey. 
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THE  WATER  RESOURCES  OF  MOLOKAI,  HAWAIIAN 

ISLANDS. 


By  Waldemar  Lindgren. 


INTRODUCTION. 

Molokai  is  the  fifth  in  size  of  the  Hawaiian  Islands,  and  is  situated 
jetween  Oahii  and  Maui.  Oahu  is  23  miles  distant,  and  from  higher 
K>ints  Diamond  Head  is  in  plain  sight  on  clear  days.  From  Maui 
t  is  divided  by  a  sound  only  8  miles  wide.  Not  much  farther  to  the 
tonth  rises  the  dry,  rocky  coast  of  Lanai,  a  still  smaller  island,  chiefly 
ised  as  a  sheep  range.  Molokai  is  a  narrow  strip  of  land,  extending 
^0  miles  from  east  to  west  and  having  an  average  width  of  a  little  less 
han  7  miles.  ITie  area  is  261  square  miles.  The  population  in  1900 
lumbered  2,500.  The  island  stands  on  the  submarine  plateau  from 
•^hich  the  whole  northern  group  rises,  so  that  no  extreme  depths  are 
onnd  in  the  channel  between  Oahu  and  Molokai,  nor  between  Molokai 
^d  Maui.  Coral  reefs  fringe  nearly  tlie  whole  south  coast  of  Molokai, 
^^t  few  occur  on  the  north  shoie.  This  north  shore  is  the  wind- 
'^ix\  side,  receiving  the  full  impact  of  the  trade  winds  and  a  great 
''Joxint  of  moisture.  In  strong  contrast  to  this  the  south  shore  is 
^^I'^mely  diy. 

^lolokai  is  outside  of  the  ordinary  course  of  travel.  No  description 
^lie  island  has  ever  been  pifblished,  as  far  as  I  know,  excepting 
nx^^what  stereotyped  references  to  the  leper  settlement  in  books  of 
*^^l.  The  more  easily  accessible  portions  are  not  attractive,  and 
^  xiortheast  coast,  which  is  characterized  by  wonderful  scenery,  is 
'^ly  ever  visited  by  travelers. 

TOPOGRAPHY.^ 

^^xree  natural  divisions  may  be  recognized  in  the  relief  of  the  land: 
)  The  west  end,  or  Kaluakoi;  (2)  the  low  gap  sei)arating  Kalua- 
^^  from  the  principal  mountain  range;  and  (3)  the  eastern  range. 

*^^*^  Hawaiians  do  not  ordinarily  desigrnate  directions  by  the  four  xx>ints  of  the  compass. 
"*T  liave  instead  two  very  expressive  terms:  Mauka,  meaninfi^  upward,  toward  the  higher 
B****  of  the  island,  and  Makai,  meaning  the  opposite,  or  toward  the  sea.  It  also  seems  that  they 
to  Uot  Twually  designate  the  water  rourHOs  by  special  names,  but  instead  apply  to  them  the 
•■"'^  ot  the  subdivision  of  land  through  which  they  happen  to  flow.  As  will  be  seen  from  the 
■•^  '•ch  subdivision  has  its  own  name. 
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The  west  (Mid,  or  Kaliiakoi,  comprises  about  55  sqnare  miles.  This 
an^a  consists  of  a  ])roa(l,  bare,  and  ^assy  ridge,  ])eginning  at  the 
light-house  at  the  southwestern  exti*eniity  of  the  island  and  culminat- 
ing, with  an  elevation  of  I,;W:J  feet,  in  the  round-topiKMl  hill  of  Mauna 
l-.oa.  Rocky  and  abrupt  ravine«  lead  south w^inl  from  this  backlx)ue 
to  the  s(»a,  whil(»  long  gulches  with  gentler  gnide,  and  .separaticd  by 
broad  ridges,  reach  the  north  shore.  Here  a  steep  cliff  has  lieen 
formed  by  tin*  action  of  the  waves  (PI.  II,  ^1).  A  sharp  slope,  or  i>ali, 
a  few  hundred  f(H»t  high,  runs  northwartl  from  Mauna  Loa,  dividing 
the  w<?st  end  from  the  low  gaj). 

A  low  gap  sei)arates  Kaluakoi  from  the  principal  mountain  range 
of  the  island.  The  lowest  point  of  this  divide  is  450  feet  above  sea 
level.  (Tcntly  rolling  smooth  surfaces  characterize  this  bnjad  gap  or 
saddle;  on  the  sr)uth  it  is  <;ut  by  shallow  gulches  and  slopes  gradually 
to  the  sea,  while  on  the  north  shore  the  surf  has  sculptured  a  low  sea 
cliff  graxlually  merging  into  the  great  precipice  or  pali  which  from 
here  on  follows  the  northern  coast.  This  gap  contains  the  best  and 
most  extensive  sugar-cane  lands  on  the  island,  the  total  area  being 
about  14,iMM)  acn^s  of  deep  red,  extremely  fertile  soil.  This  areaiB 
sharply  sei)arated  from  the  west  end  by  Mauna  Ijoa  Creek  on  the 
south  side  of  the  island  and  ])y  the  above-mentioned  low  pali  on  the 
north.  East  waixl  the  rolling  country  gradually  rises  to  the  plateau 
of  the  main  mountains  of  the  island. 

The  (»astern  range  comprises  the  largest  part  of  the  island.  This 
may  be  briefly  described  oh  a  segment  of  a  circle,  the  chord  of  which 
(extends  cast  and  w(»st  and  luus  a  length  of  about  25  miles.  The  line 
dividing  the  north-south  drainage  is,  roughly  speaking,  parallel  to 
\in'  curve  of  t  h<»  southern  coaM.  The  mountains  culminate  almost  in 
thc(MMilcr  of  the  island  in  the  peak  of  Kamakou,  which  attains  an 
elevation  of  nearly  5,000  feet.  The  south  slope  is  gi*adual,  and  is  fur- 
I'owed  by  a  great  numlw^r  of  straight  and  nan'ow,  though  often  deep, 
ravines  (PI.  II,  7?,  and  PI.  Ill,  A ).  The  north  slope  is  abrupt,  in  places 
I)rccipitous,  and  is  marked  by  tive  most  extraordinary  recesses  or 
alcoves,  cut  in  the  fa<*(i  of  the  scarp.  This  great  precipice  and  these 
alcoves  ar<»  the  most  remarkable  feature  of  the  island's  topography. 
Noith  of  the  great  gap  of  the  island  the  great  pali  has  a  height  of  only 
a  few  hundred  feet,  which  increases  to  900  feet  north  of  Molokai  Home 
ran(»h  and  reaches  1,500  feet,  where  the  trail  to  the  leper  settlement 
crosses  it .  From  this  iH)int  eastwai'd  the  great  precipice  is  mnch  higher 
and  from  Waikolu  to  Wailau  attains  elevations  of  from  2,500  to  3,500 
feet;  tluMi  it  gradually  decreases  again  to  Ilalawa,  where  it  ends  near 
the  eastern  point,  of  the  island,  having  there  an  elevation  of  860  feet 
Th(»  character  of  this  pali  may  l)e  seen  from  PI.  Ill,  B,  and  IV,  A* 
When  of  mod<»rate  height,  i.  e.,  up  to  1,500  feet,  it  forms  practically 
one  continuous  slope  of  from  50°  to  70°,  with  pra(*t ically  no  level  land 
below.     The  surf  beats  directly  against  the  foot  of  the  escarpment 
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OUTH    COAST  OF   MOLOKAI    AT   KOLO   WINDMILL,   WEST   END   OF 
LOOKING  WEST. 
Showing  seacliff  and  successive  basalt  flows  sloping  down  toward  tf^e  coast. 


Jt     MOUTH  OF  KAWELf,   GULCH.   SOUTH    COAST   OF    *AOV.OKK\. 
Sho>^,ng  bo^ldvr.f.iled  creek  bed  and  steep  side  slopes  cul  m  bnwW. 
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At  the  mouth  of  the  Wailau  Valley,  and  wherever  it  attains  great 
height,  there  is  usually  a  vertical  or  practically  vertical  cliff  from  a 
few  hundred  to  a  thousand  feet  high.     Al)ove  this  a  slightly  more 
gradual  slope  prevails,  but  for  2,(K)0  feet  alK)ve  s(»a  lcv(d  th(>  average 
declivity  is  often  about  70"".    Above  this  tlu^  slope  flattens  to  som(»thing 
like  4'V .    The  precipitous  rock  walls  are  chan lulled  by  a  great  number 
of  iwinillol  grooves  cut  by  the  rain  water,  and  whenever  the  slopes  are 
not  vertical  the  dark  colored  rock  is  covered  by  a  ma  nth*  of  bright 
grr»en  vegetation.     Only  in  one  pla(^e  is  there  is  any  important  land 
mass  projecting  northward  at  the  foot  of  the  pali.     That  is  tln^  penin- 
sula of  the  l(»per  settlement,  Kalaupapa,  a  rocky  and  dry  peninsula  2 
miles  wide  and  2  miles  long,  it«  highest  point  rising  only  a  few  hun- 
dred feet  alM)ve  the  sea  and  marked  by  the  crater  of  a  small  extinct 
volcano. 

Next  to  the  great  pali  itself  th<»  most  remarkable  features  of  the 
northern  C(»ast  art^  the  deep  recesses  or  alcoves  whicdi  erosion  has  ('arved 
into  it,  alcoves  with  exceedingly  steep,  sometimes  perpendicular 
sl(»pes,  of  wonderful  beauty  and  grandeur,  over  the  edges  of  which  the 
waters  of  the  upper  drainage  basins  fall  in  numberless  cascades, 
TRfrejising  to  magnificent  waterfalls  during  the  rainy  season. 

West  of  VVaikolu  Valley  the  main  divide  of  the  island  is  close  to  the 
northern  shore,  but  here  it  turns  southeiisterl}*  and  curving  follows 
approximately  the  central   line  of   the  island.     The   three   western 
alcoves,  Waihanau,  VVaialeia,  and  Waikolu,  have  as  vet  not  cut  back 
ver>'  far  and  are  therefore  most  characterist  ic  of  their  type.     All  three 
have  a  shorter  upper  high  level  drainage  consisting  of  small  eanycms 
in  the  high  plateau,  200  to  4(X)  feet  deep,  connected  by  cascades  with 
the  lower  straight  and  deep  canyons,  2  to  3  miles  in  length.     The 
even  verdure-clad  side  slopes  descend  at  angles  of  from  40"'  to  GO"  to 
the  water  course  in  the  bottom.     At  t  he  head  of  the  canyon  t  he  declivi- 
ties become  much  more  precipitous  and  form  an  amphitheater  in  strong 
contntst  to  the  rolling  or  level  summit  plateau.     At  the  head  of  the 
alcove  and  at  various  places  from  its  sides  the  waterfalls  descend  like 
narrow  white  threads  for  2,000  feet  into  the  black  depths  of  the  chasm. 
Deep  grooves  and  holes  have  been  worn  into  the  lock  ])y  the  falls,  so 
tiiat  in  places  they  disappear  altogether  from  \ie\v.     Mon*  extensive 
tod  branching  are  the  two  principal  stieams  of  the  island,  Pelekunu 
and  Wailau.    They  occupy  watersheds  of  4  or  e5  square  miles,  but  they, 
too,  are  surrounded  by  the  same  precii)ices,  especially  near  i\w  head- 
waters at  the  main  divide.     They  are  clearly  of  the  same  origin  a.s  the 
smaller  alcoves,  but  a  stronger  erosive  action  has  widc^iunl  the  valleys 
and  extended  their  canyons.     The  grades  of  the  streams  are  heavy 
throughout,  and  except  at  the  north  of  the  canyon  there  are  practically 
no  bottom  lands.     PL  IV,  B,  shows  the  mouth  of  Wailau,  with  the 
broad,  almost  U-shaped  form  at  the  debouchure,  and  the  furrowed 
slopes  descending  from  th(^  high  plateau  of  the  island. 
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The  Halawa,  another  of  the  permanent  streams  of  the  island,  flows 
in  an  easterlj'  direetion,  heading  in  the  swamjxs  of  the  plateau  east  of 
Wailau,  descending  in  a  [O^at  waterfall  to  the  lower  alcove  or  canyon, 
and  debonchinpf  near  the*  extreme  eastern  end  of  the  island. 

Fn^m  the  hea<lwat(^i*s  of  Waihanan  to  Kamakou,  the  highest  peak 
on  the  islands,  \ho  summit  region  consists  of  gently  sloping  or  hilly 
plateaus,  generally  swampy  and  cut  by  sharply  incised  ravineB.  The 
elevation  of  this  plat<»au  is  only  2,(X)0  feet  south  of  the  leper  settle- 
ment but  increases  to  3,5()0  south  of  Waikolu  and  to  over  4,000  between 
Waikohi  and  Pelekunu.  Parts  of  the  plateau  project  between  the 
canyons,  contrasting  sharply  against  the  precipices  of  alcoves  and  pall. 
From  Kamakou  for  several  miles  eastwanl  there  is  no  central  plateau, 
or  only  fragments  of  it.  The  drainiige  from  north  and  south  has  cut 
in  deeiwr  and  left  only  a  sharp  and  jagged  ridge.  But  between  Wai- 
lau and  Halawa  there  an^  again  sev<4'al  square  miles  of  the  nppei 
surface  left. 

The  south  sloi>e  of  the  island  is  very  different  from  the  northern. 
South  of  the  divide  the  platc^au  gradually  changes  to  a  sharper  slope, 
over  which  the  water  courses  find  their  way  in  small  cascades  and 
falls.  This  decuded  slope  is  most  accentuated  on  the  Kawela,  but  \i 
noticeable*  all  along  tlie  south  side  of  the  island.  The  lower  declivi- 
ties, up  to  an  elevation  of  8(H)  feet  al)ove  the  sea,  are  again  gentle, 
having  an  inclination  of  from  5°  to  8°,  and  a  fringe  of  narrow  flat* 
follows  the  coast  line.  IiLstead  of  a  few  gi*eat  canyons,  some  forty  oi 
fifty  gulches  and  ravines  form  the  drainage  ways  of  the  southern  slope. 
All  of  these  have  the  same  characteristics,  namely,  a  straight  course, 
small  drainage  area,  sharp  grades,  esi>ecially  in  their  middle  por- 
tion, and  very  abruptly  incised  sides,  rarely,  however,  cut  more  than 
40()  or  500  feet  below  the  slope  of  the  surface.  These  conditions  arc 
the  natural  result  of  a  comparatively  recently  established  drainage 
system  over  the?  smooth  sides  of  a  volcanic  cone.  East  from  Kawelfl 
the  straight,  steep  gulches  are  even  more  numerous  than  in  the  western 
part.  PI.  Ill,  J,  shows  the  great  Kamalo  Gulch  back  of  thejdanta- 
tion  of  the  same  name.  It  illustrates  well  the  V-shaped  form  of  the 
canyons  as  well  as  the  partially  preserved  surfaeo  of  the  old  lava  oone. 
On  the  whole,  the  streams  draining  north  are  permanent,  while  those 
draining  south  carry  water  only  during  the  rainy  season,  and  then 
intermittently. 

GEOLOGY. 

Like  the  other  islands  of  the  Hawaiian  group,  Molokai  is  almost 
entirely  of  igneous  origin.  It  is  a  volcanic  cone  built  up  in  the  mid- 
dl(»  of  the  ocean  by  a  great  number  of  superimposed  basaltic  flows. 
The  island  is,  in  fact,  like  Maui,  formed  by  two  voloanoes,  and  these 
two  cones  are  separate<l  l)y  a  low  gap  on  which  secular  disintegration 
hns  reduced  the  basalt  to  a  <leep  red  soil. 
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A.      KAMALO   GULCH.   SOUTH   COAST   OF    MOLOKAI. 

Sio/t-ng  parts  o*  iuffacy  of  volcanic  cr>r\f    deeply  cli:.S'.ctfd  by  gu-'o'ies,  (h'bns  firs  at  rpn 
and  coral  retf  dc-!<jw  snal  ow  //ati-r  ni-ar  shoro. 
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NORTH   COAST  OF   MOLOKAI.   LOOKINjG   WEST   FROM  THt  LMAViNUCi  K"^  ^r<\\.kVi. 


S'^^.^fr.g  fault  sj:trp  along  r.ortnef  cn3:.t.  horizontal  bsbalt  *Uy^*i  near  ba-.^  M  cUM,  arnA  \*«jT\\rv\iu\«L  oV  X'av*^ 
i^itlenivrt  ir  t^-e  distanc*. 
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The  west  end  forms  one,  separate  and  complete,  though  compara- 
irely  low  cone.  Partly  obliterated  craters  are  still  visible  near  the 
immit,  between  Mauna  Loa,  Kaana,  and  Amikopala.  The  cone  is 
It  very  regular,  and  secondary  centers  of  eruption  were  probably 
cated  near  the  southwest  and  northwest  comers  of  the  island.  The 
eep  pali  running  north  from  Mauna  Loa  to  the  (^oast  indicat<^8  a  dis- 
3ation  along  which  the  east  side  has  dropi>ed  a  few  hundre<l  feet. 
The  main  or  eastern  part  of  the  island  is  not  of  so  simple  a  struc- 
re.  It  represents  one  part,  and  probably  the  Hmaller  part,  of  a 
ge  volcano,  the  northern  part  having  dropped  down  along  a  great 
?ak  or  dislocation  to  a  depth  of  from  a  few  hundred  to  3,00()  or  even 
00  feet.  Thus,  the  great  northern  pali,  described  in  the  previous 
2:es,  is  really  a  break  or  a  fault  line,  which  split  the  volcano  in  two. 
e  evidence  of  this  is  clear  and  convincing.  The  slojKis  of  the  lava 
ws  are  everywhere  to  the  south,  from  4°  to  13°;  even  in  the  cliffs 
the  north  coast  the  same  inclination  is  observed.  This,  in  conjunc- 
n  with  the  form  of  the  island,  shows  that  a  part  of  the  volcano  has 
m  removed.  Neither  wave  action  nor  erosion  by  running  water 
lid  jiossibly  have  produced  such  an  escarpment  as  that  of  the  great 
li,  reaching  3,000  feet  in  height.  The  work  of  erosion  on  this  cliff 
^hown  plainly  enough  in  the  great  alcoves  cut  by  the  water  courses 
(1  described  in  previous  pages.  This  erosion  is  still  cutting  south- 
rd  and  the  divide  is  no  doubt  steadily  migrating  in  that  direction. 
Dana,  I  believe,  was  the  first  to  insist  that  the  outlines  of  these 
inds  have  been  to  some  degree  determined  by  dislocations;  and  in 
;  Characteristics  of  Volcanoes^  is  the  only  reference  to  Molokai 
ich  I  have  found  in  geological  literature.     It  is  as  follows: 

lolokai  was  once,  as  its  lava  streams  prove,  a  doublet  of  volcanoes  like  Mani, 
;  it  has  been  shaved  down  to  a  strip  of  land.  The  eastern  part  has  an  alcoved 
cipiee  facing  the  north,  wliich  rises  to  a  height  of  2. 500  feet  alx)ve  the  sea. 
as,  such  precipices  are  rather  the  rule  in  the  Hawaiian  group,  and  if  seashore 
don  is  not  the  origin,  fractures  and  subsidence  must  be. 

Dana's  view  of  the  causes  of  the  abrupt  topograjdiy  on  tho  eastern 
ist  of  Oahu  has  been  disputed  by  C  II.  Hitchcock,^  who  believes 
it  the  action  of  erosion  is  sufficient  to  account  for  it.  There  is  no 
ubt  that  deep  canyons  with  very  steep  walls  and  almost  perpen- 
3ular  precipices  near  the  lieads  of  the  water  courses  aro  most  char- 
teristic  among  the  forms  of  erosion  on  the  windward  side  of  the 
and,  and  that,  therefore,  some  caution  must  be  ex(*rcised  in  dis- 
iminating  precipices  of  (erosion  from  those  of  fault  scarps.  IIow- 
er,  in  the  case  of  Molokai,  Dana's  statemoni  is  undoubtedly  true; 
e  great  pali  is  most  certainl}'  a  fault  scarp  of  magnificent  size. 
The  low  peninsula  of  Kalaupapa,  the  only  land  of  importance  at 
e  foot  of  the  cliff,  seems  to  be  a  part  of  this  sunken  area„  still  above 


alfiOO,  p.  2W.  b BuU.  Geol.  Soc.  Am.,  Vol.  U,  1899,  p.  28. 


14  WATER  RESOURCES  OF  MOLOKAI.  Iso.' 

water.  A  <Tator  and  8evoral  lava  8treanis  still  I'emaiu  on  this  peniii- 
8nla  and  are  better  prom^rved  than  most  of  those  on  the  south  side. 
1'he  j^ently  sloping  Huminit  plateau  does  not  contain,  as  far  as  knovn 
any  i*einainiii^  cratera,  but  it  is  covered  by  extremely  thick  vogeta 
tion  and  fc^w  parts  of  it  aiv  a<;cessible.  Numerous  smaller  subcratei 
or  panisitic  coui^s  n^niain,  iini)erfectly  preserved,  on  the  long  aouthei 
sloiH'of  tho  island.  Thoy  generally  have  flat  tops — the  emtorfn 
ni^ls  iKM'ng  filled  in — and  intense  red  or  yellow  colors  due  toi 
act  ion  on  t  lie  lav^ts.  Such  are  Middle  Ilill,  Puu,  Luahine, '. 
Manlnil)olo,  and  many  othei-s. 

Similar  in  general  to  the  other  islands,  the  rocks  of  Molnkaiii 
almost  exclusively  of  dark  basaltic,  fine-graineil  lavaa of  mcmi'll^le 
l)orous  struetui-e.  The  flows  an^  thin,  and  range  from  a  few  fefjpip 
50  feet  in  thickness,  but  rarely  exceiKl  the  latter  limit.  LtttaiH|jfr!t] 
flows  ai-e  onlinarily  not  c*ontinuous  over  a  great  distance,  heaHj^il^ 
snres  or  w«»lls  only  a  f<»w  hundi-ed  feet  apart  may  show  very  dwlb 
sections.  Han1<q%  mon^  compact  lavas  alternate  with  exoeeShlgi 
porous,  loose  biv<*(*ias  or  agglomerates.  The  doepeist  parts  oC  ti 
gulches,  the  well  sections,  and  the  palis  at  Waikolu,  Pelekimv, an 
Wailau  all  show  the  same  structure,  clearly  indicating  that  the idan 
has  Ihmmi  built  up  by  rapidly  succeeding  thin  lava  flows.  The  prohahi 
ity  is  very  st rong  that  this  same  structuii^  and  the  same  kinds  of  ro**! 
continue  down  to  a  depth  of  several  thouMind  feet.  Xo  petrograplii 
study  of  tli<'  rocks  has  been  undertaken,  but  a  few  thin  sections  niak 
it  evi<lent  that  the*  rocks  chiefly  consist  of  normal  feldspar  basjil 
simiewhat  glassy,  ami  with  olivine,  o(?casi(mally  also  containing  i>heiu 
<-rys1s  of  soda-lime  feldspai-s.  Thus  far  the  only  kinds  of  rocks  n»co; 
iiize«I  by  p«*t rograph(M's  in  the  Hawaiian  Islands  are  of  the  tyiK»  ♦ 
fehlspar  basalts,  with  occasi<mal  <»c<nirn»nces  of  nepheline-biisalts  ( 
n«'pheline-melilit<*-basiilts.  In  (»xi)loring  the  headwaters  of  Wailai 
in  the  very  heart  «)f  tin*  dissecte<l  voh'ano  of  Molokai,  however,  ji 
interesting  o<'curn»ne(»  of  coarse-grained  intrusive  I'ock  was  foun* 
Crossing  the  gap  n«)rth  of  ^lapulehu  one  dc»sc<Mids  over  a  precipi< 
leading  <lown  to  the  valh^v  of  Wailau  over  a  difhcult  and  almost  dai 
gerous  trail,  which  finally  follows  the  bed  of  th(»  east  fork  down  to  i' 
JuiKtion  with  the  larg<'r  west  fork.  Down  to  the  junction  <mly  o.nl 
nary  basaltic  rocks  are  met  with,  but  the  west  fork  is  full  of  heiiv 
bowldei-s  of  a  <lark-green,  coarse,  granular  rock,  manifestly  difl'erei 
fr<nn  anything  formerly  ch»scribetl  from  the  islands.  The  ro<*k  was n< 
found  in  place,  nor  was  the  west  fork  follow«»<l  up  to  its  source,  wlie 
thes(^  bowhlers  must  conu'»  from.  liuhMMl,  in  the  thick  tropical  Jung 
whieh  covers  the  whole  watershed  of  Wailau,  this  is  a  very  serioi 
undertaking,  but  there  must  be  a  hirge  mass  of  this  rock  in  place,  Xi 
large  to  have*  been  carried  up  by  the  (»ru])tion  of  the  lavas,  and  ther 
fore  it  is  most  probably  an  intrusive  body  inject cmI  into  the  volcan 
masses  and  theiv  <'onsolidated. 


JORTH    COAST   OF    MOLOKAI     LOOKING   WEST   FROM   SUMMIT   OF   TRAIL  TO 
LEPER  SETTLEMENT. 


g  »ummit  plateau  and  fault  scarp,  exposing  a  great  number  of  bnsalt  ♦lov 
above  sea  level. 


Elevation  1,600  feet 


NORTH    COAST  OF    MOLOKAI.    MOUTH   OF   WAILAU   VALLEY.   LOOKING   EAST. 
Shotting  f$u!t  sca'p  J.Ol'O  feet  high  and  alcove  type  of  eroded  v*\\e^*. 
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Upon  examination  in  thin  section  the  rock  presents  a  normal  coarse 
granular  Htructure,  without  glass,  and  consists  of  broad  laiuinH3  of  a 
8oda-liine  feldspar  not  far  from  anorthite.  Betwe>eii  1h<\s(»  lie  grains 
of  a  pale- violet,  slightly  pleochroio  auj?it^?,  with  which  an»  ass(MMat<Ml 
numerous  grains  of  an  in)n  ore.  In  addition,  thcn^  arc  grains  of 
olivine,  slightly  serpentinizcnl,  and  in  much  smaller  (juantity  than  the 
augite.     The  rock  is  therefore  a  very  coarse  olivinc-diabasc. 

Mr,  Monroe,  the  superintendent  of  Molokai  ranch,  gave  me  a  small 
specimen  of  a  somewhat  similar  but  slightly  mon»  de(*omposed  roc^k 
ifhieh  he  had  broken  from  a  large  bowlder  in  one  of  the  principal 
streams  on  Kauai,  the  most  northerly  of  the  large  Hawaiian  islands. 
This  proved  to  be  very  similar  to  the  rock  just  des<*rib(Hl,  Inking  a 
coarse-grained  diabase.  A  remarkable  featun*  of  the  ro<*k  from 
Kauai  is  the  deep  purplish  color  of  the  augite.  It  is  only  slightly 
pleochroic. 

Tliese  two  coarse-graineil  rocks  are  the  only  o<*cHirr(»n(His  of  tlui  kind 
thus  far  found  in  the  Hawaiian  Islands. 
Unlike  Oahu,  Molokai  has  no  extensive  flats  of  sediment  soil  under- 

Ilaiu  by  coral  and  tuffs.  The  sediments  an?  chiefly  confined  to  small 
strips  and  areas  of  less  than  20()  acres,  and  oc<Mir  at  intervals,  especially 
near  the  mouths  of  the  gulches  ahmg  the  south  coast  from  Palaau  to 
Puk(K).  The  soil  is  ordinarily,  at  no  gn^at  d<*pth,  un<lerlain  b}'  basaltic 
lava.  Rarely  is  there  a  thin  layer  of  coral  rock  between  the  soil  and 
th<?  lava  rock. 

The  gap  or  the  space  between  the  two  volcanoes  which  make  up  the 
island  is  of  a  rolling  chanwjter  and  is  covered  by  soil.  A  (*onsiderable 
I)art  of  this  gap  is  covered  by  s(Kliment  soil,  fine  red  soil,  and  well- 
rolle<l  gravel,  mixed.  This  sediment  is  doubtless  chiefly  carrie<l  down 
from  the  east  side,  and  antedates  the  time  when  the  volcano  was  split 
in  two  and  the  northern  half  engulfed  in  the  s<^a. 

As  may  l)e  expecte<l,  the  extremely  steep  guh^hes  from  Kaw(»la  ejist- 
ward  have  brought  down  big  fields  of  bowldei-s  from  tlu*  slopes  al>ovH» 
(PI.  II,  B), 

CORAL  REEFS. 

A  coral  reef  from  one-half  to  1  mih^  wide  fringes  practically  the 
whole  southern  coast  of  the  island.  The  parts  adjacent  to  the  main 
gulches  are  gradually  being  filled  up  by  mud.  Thus,  the  island  is 
gradually  growing  out  in  this  direction.  Seen  from  a  high  point,  the 
oddish  mud  flat«  skirting  the  shore  contrast  strongly  against  the 
Wlliant  emerald  green  of  the  reef;  and  lx»yoiid  this  is  thcMlark  violet- 
l>lue  color  of  the  deep  sea. 

Small  amounts  of  coral  rock,  indicating  a  former  higher  water  level, 
an?  found  all  along  the  southern  coast;  usually  thes(^  only  reach  25 
fw*talx)ve  water  level,  though  in  one  phice — near  Puu  Maninibolo — 
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this  old  coral  reef  extends  up  to  130  feet  above  the  sea.  The  submer- 
gence was  evidently  of  short  duration. 

The  coral  sand  carried  up  by  the  waves  forms  a  very  narrow  fringe 
all  along  the  southern  coast.  A  large  dune  wall  of  coral  sand,  about 
12  feet  high,  skirts  the  western  coast  at  Papohaku  flat«. 

Though  the  coral  reefs  on  the  northern  or  windwawl  side  are  not 
extensive,  a  very  large  area  of  dune  sand  occurs  north  of  the  gap  and 
extends  for  several  miles  westward,  having  a  width  as  great  as  4,000 
feet.  The  locality  is  particularly  exposed  to  the  full  force  of  the 
trade  winds,  and  the  sand  is  carried  up  to  the  top  of  a  500-foot  hill, 
where  it  accumulates  in  dunes  which  reach  a  thickness  of  20  feet 
Westward  the  sands  finally  reach  the  two  creeks  emptying  near  Papo- 
haku, from  which  repositories  the  winter  floods  carry  them  down  to 
the  sea.  Part  of  these  dunes  are  consolidated  to  hard  sandstones. 
In  some  of  these  are  seen  peculiar  footprints  which  are  similar  to, 
and  yet  somewhat  different  from,  the  imprint  of  a  human  foot.  There 
are  also  many  obviously  recent  inscriptions,  et<;.,  and,  as  the  Ilawaiians 
are  not  altogether  averse  to  a  practical  joke,  the  real  character  of  these 
footprints  may  as  yet  be  left  an  open  question. 

CLIMATE. 

In  regard  to  t-emi)erature,  the  island  possesses  the  same  equable  cli- 
mato  as  that  enjoyed  by  the  others  of  the  same  group;  frost  probably 
never  occurs,  even  at  the  highest  elevations.  The  trade  winds  are 
strong,  especially  during  the  winter  months  and  on  the  northern 
coast.  During  long  periods  it  is  imi)ossible  to  effect  a  landing  at  the 
settlements  of  Wailau  and  Pelekunu.  Even  along  the  south  coast 
the  winds  ai-e  usually  strong  in  the  afternoon,  and  over  the  bare  west 
end,  or  Kaluakoi,  and  over  the  gap  the  breezes  sweep  without  hin- 
drance. There  is  in  general  a  wet  season,  extending  from  Octobei 
until  the  end  of  May,  and  a  dry  season  including  the  summer  months 
On  the  whole,  the  west  end,  the  gap,  and  the  south  shore  as  far  ftJ 
Kamalo  are  included  in  the  arid  zone  of  the  island,  while  the  whol< 
northeasterly  part  may  be  counted  as  one  of  abundant  precipitation 
All  points  over  2,500  feet  in  elevation  receive  an  abundant  rainfall 
Most  of  this  falls  in  the  winter,  but  showers  occur  at  intervals  a-^ 
through  the  summer.  Accurate  data  regarding  rainfall  extendia 
over  any  considerable  period  are  not  obtainable. 

Data  collected  by  Dr.  Morritz  at  Mapulehu,  on  the  southern  coai: 
and  the  eastern  part  of  the  island,  from  18^4  to  July,  1899,  show  at 
average  annual  precipitation  of  3-4  inches  with  but  little  variatio 
and  no  apparent  decrease.  The  maximum  precipitation  is  usually  i 
December,  with  as  much  as  G  inches,  while  the  minimum  monthl. 
precipitation  in  the  summer  is  1  inch. 

At  Kaunakakai  no  records  have  been  kept  except  for  a  month  o 
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two  in  1900,  but  it  is  apparent  that  the  rainfall  decreases  rapidly  west 
of  Mapulehii.  The  probable  annual  rainfall  at  Kaunakakai  does  not 
exceed  10  inches,  thus  indicating  a  very  dry  climate.  A1k)ii1  2  inches 
are  said  to  have  fallen  in  January,  19(X).  Al)oiit  O.G  of  an  inch  fell 
April  24,  1900,  while  since  that  time,  up  to  July  1,  lOOO,  there  were 
only  slight  showers  at  great  intervals;  a  little  rain  f<»ll  Juii<^  23,  and 
again  a  little  on  June  27  and  28. 

There  are  indications  that  the  rainfall  at  Palaau,  on  the  south  side 
of  the  gap,  is  somewhat  larger  than  at  Kaunakakai,  and  this  is,  indeed, 
to  be  expected,  for  its  position  is  more  oi)en  to  the  northeasterly  trade 
winds.  On  the  north  side  of  the  gai>  precipitation  is  still  further 
increased,  as  is  indicated  by  the  strong  growth  of  grass,  remaining 
green  up  to  June  1. 

At  Molokai  ranch,  at  an  elevation  of  S5()  feet  and  only  a  short  dis- 
tance from  the  gap,  records  have  been  kept  by  Messrs.  Schleifer  and 
Monroe  since  January,  1899,  with  the  following  results: 

Rainfall  at  Molokai  ranch. 


Month.  1809. 


Inches. 

January .  - - . . .   2 

February - i  3. 75 

March - .       3 

April - I  1.90 

May - -- ;        .50 

June - ('0 

Jnly J  («) 

Angnat - ..  ('0 

September .  ,  {'') 

October '  1.23 

November i      1 .  29 

December 1.71 


1900. 

Inches. 
2.69 

4.14 

1.3« 

5.30 

.83 

2 

Total  recorded 15.38 


«» No  record. 

The  fibres  for  1808-99  are  incomplete.  T\u}  season  was  one  of 
great  deficiency  in  rainfall,  and  this  dry  winter  was  lollowed  by  an 
exceptionally  dry  summer.  The  total  for  the  rainy  season  1899-1900 
is 20.55  inches,  indicatinj^  an  annual  rainfall  at  tins  place  of  about  22 
inches. 

At  Meyer's  ranch,  at  an  elevation  of  1,400  fe(»t,  about  2  miles 
northeast  of  Molokai  ranch,  records  were  kept  for  some  time  by  Mr. 
R.  W.  Meyer,  but  1  have  only  been  able  to  obtain  those  ot  1891. 
This  year  was,  as  the  records  show,  an  exceptionally  dry  one  on  Oahu 
and  Maui.  At  Honolulu  23  inches  fell  that  year  against  -i  normal 
rainfall  of  38  inches.  It  is  believed  that  the  latter  figure  represents 
the  normal  rainfall  at  Meyer's  ranch. 

IRR  77—03 2 
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Precipitation  in  1891  at  Meyer's  ranch. 

Inches, 

January _ 7.ft5 

February 3.28 

March 36 

April 4.35 

May :...   1.63 

June _ None. 

July - - .  -       None. 

August - None. 

September . None. 

October 4.40 

November .20 

December 1.26 

Total - .       23.13 

Above  ail  elevation  of  2,00()  feet  in  this  part  of  the  island  almost 
daily  showers  oceurreil  from  April  1  to  May  28,  11*00,  and  this  is  prob- 
ably the  normal  condition  during  the  winter  months.  Dr>'  and  warm 
weather  prevaileil  from  May  28  to  June  8,  when  light  showera  fell. 
Again,  on  June  23,  20,  and  27  there  was  a  considerable  amount  of 
rainfall. 

Regarding  the  quantity  of  rainfall  in  the  mountiiins  there  is  scant 
information.  The  annual  precipitation  probably  reaches  100  inches 
at  elevations  of  3,0(X)  and  4,o00  feet  and  is  not  far  from  this  amount 
over  a  considerable^  area  on  the  north  slope  on  the  headwaters  of 
Waikolu,  Pelekunu,  and  Wailau. 

It  has  been  asserU^d  that  the  rainfall  on  Molokai  is  decreasing.  As 
far  as  the  data  go  there  is  nothing  to  i)rove  such  an  assertion.  It 
is  no  doubt  true  that  the  island  formerly  supported  a  much  denser 
population;  this  is  indicated,  for  instance,  by  many  old  garden 
patches  at  streams  which  are  now  dry  or  carry  water  only  intermit- 
tently. All  this  is,  however,  most  i)robably  directly  chargeable  to 
the  destruction  of  the  forests  and  the  following  irregularity  or  disap- 
pearance of  the  water  supply. 

SOILS. 

Tlie  soils  of  Molokai  are  similar  to  those  of  the  other  islands  of  the 
Hawaiian  group  and  are  usually  of  great  fertility.  They  may  be 
divided  into  residual  and  sedimentary  soils. 

The  residual  soils  result  from  the  gnulual  decom^iosition  of  the 
basaltic  lavas  and  are  usually  deep  red,  very  rich  in  iron  and  in  sub- 
stances necessary  ,for  plant  growt  h. 

The  sedimentary  soils  are  partly  of  a  deep-red  color,  partly  dark 
brown,  and  not  v(»ry  different  in  character  from  the  residual  soils; 
they  consist,  in  fact,  of  the  same  substance  merely  transported  and 
redeposited.  In  a  few  places  along  the  immediate  coast  line  are 
small  areas  covered  by  coral  sand,  consisting  largely  of  carbonate  of 
lime^  usually  more  or  less  mixed  with  detritus  from  the  hills. 
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The  west  end  of  the  island  contains  a  very  great  amount  of  good, 
smooth  land,  with  excellent  soil.  In  fact,  the  larger  pail  of  Kaluakoi 
is  of  this  character,  excepting  the  southern  slope  of  tho  long  ridge 
extending  from  Mauna  Loa  to  the  light-house,  the  extrem<»  northern 
and  western  portion,  and  the  steep  slope  extcnidiiig  from  Mauna  Loa 
northward  to  the  sea.  The  soil  is  residual  in  character.  Unfortu- 
nately there  is  no  feasible  way  of  bringing  water  on  this  part  of  the 
island.  It  is  at  present  used  for  sheep  i^anches  and  cattle  range, 
being  covered  by  a  fine  growth  of  nutritious  grasses. 

The  finest  body  of  agricultural  land  on  the  island  is  situated  in  the 
great  gap,  and  has  an  area  of  about  14,000  acres.  The  principal 
problem  of  the  water  supply  of  the  island  is  how  to  bring  the  water 
from  that  part  which  receives  an  abundant  precipitation  to  this  arid 
portion  containing  the  rich  soils.  This  area  of  gently  rolling  hills  is 
covered  by  a  deep-red  soil  unexcelled  for  purposes  of  sugar  growing. 
To  a  great  extent  it  is  a  sediment  soil,  as  shown,  for  instance,  along 
the  western  plantation  fence  near  Mauna  Loa  Creek,  where  it  follows 
the  cane  planted  January,  1900.  At  this  place  a  depth  of  from  20  to 
3<j  feet  of  fine  soil  and  disintegrated  washed  gravels  is  observed,  rest- 
ing on  basaltic  lava.  This  formation  no  doubt  underlies  a  large  por- 
tion of  the  cane  lands.  A  part,  however,  of  the*  eastern  area  on  the 
rising  hills  is  covered  by  residual  soil  derived  from  rock  in  place. 

On  the  south  shore  there  is  a  strip  of  low  cane  land  near  the  coiist 
at  Palaau,  but  the  main  body  of  deep  soil  does  not  begin  until  an  ele- 
vation of  about  200  feet  is  reached.  The  total  area  of  cane  land  at 
Palaau,  below  an  elevation  of  50  feet,  is  374  acri^s. 

Above  an  elevation  of  800  feet,  on  the  east  side  of  the  gap,  there  is, 
between  the  deeply  incised  canyons,  a  considerable  amount  of  smooth 
land  covere<l  by  grass  and  underlain  by  rich  soil;  but  besides  Inking 
cut  up  these  areas  are,  by  reason  of  tluur  eh^vation,  less  suitcKl  for 
sugar  cane,  though  well  adapted  for  otluM*  croi)s.  Thus,  at  an  Ldeva- 
tion  of  1,400  feet,  on  the  Meyer  ranch,  cofTee  is  su(*cessfully  cultivated 
in  sluuiy  places  without  irrigat  ion. 

East  of  this  point  the  island  contains  a  relatively  small  amount  of 
economically  valuable  soils.  On  the  south  coast  the  locky  slopes 
reach  almost  to  the  sea,  leaving  only  in  places  narrow  fringes  of  level 
land.  On  the  north  side  the  mountains,  as  indicated  above,  are  very 
precipitous,  and  there  is  no  arable  land  excerpt  small  i)atclH»s  along 
the  coast  at  the  mouths  of  the  rivers. 

At  high  elevations  the  rock  is,  as  a  rule,  much  decomposed  and 
retains  water  much  better  than  do  the  stony  slopes  lower  down.  In 
the  high  swamps  the  mud  is  rarely  over  2  feet  deep,  and  solid,  though 
decomposed  rock  comes  frequently  to  the  surfa(*e.  The  color  of  the 
soil  in  the  swamps  is  grayish  or  white,  showing  that  only  ferrous  oxide, 
produced  by  the  reducing  influences  of  organic  acids,  is  present.  Aft^r 
the  swamps  have  dried  ux>  and  the  trees  and  ferns  die,  as  has  happened 
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over  largo  areas  in  the  high  central  parts  of  the  island,  this  ferrou 
oxide  under  the  influence  of  the  air  rapidly  changes  to  ferric  oxide 
This  foi  niH  a  dark-re<l,  hard-pan  area  on  the  surface  which  is  ver 
detrimental  to  young  plants  just  rooting.  This  compact,  dark-red  so 
is  really  an  iron  oi*e.  A  sample  examined  ])y  Dr.  E.  T.  Allen  containc 
43. 88  pc^r  cent  of  metallic  iron.  This  is  one  of  the  reasons  why  the  refo 
esting  of  dried  swampy  areas  is  such  a  slow  and  difficult  process. 

For  some  distance  east  of  Palaau  there  is  a  strip  of  sediment  lar 
along  the  cojist  containing  110  acres.  Toward  the  sea  this  is  joinc 
by  a  salt  marsh  and  towanl  the  north  by  a  rocky  slojie,  which  in  pai 
however,  can  ho  phmted.  Near  the  cocoanut  grove,  1|  miles  west 
Kaunakakai,  are  150  acres  of  excellent  level  soil  underlain  by  5  to 
f(»et  of  coral  which  again  rests  on  solid  lava.  At  Kaunakakai  abo 
100  acres  of  level  ricli  soil  are  available.  Between  Kawela  ai 
Kaunakakai  is  a  narrow  strip  of  soil — mostly  coral  sand — which 
covered  by  a  thick  growth  of  algarobas.  At  Kawela  there  is  a  consi 
erable  extent  of  sandy  soil,  practically  all  of  which  belongs  to  smf 
native  holdings.  At  Kamalo  again  several  hundred  acres  of  go< 
soil  are  available,  and  from  this  place  to^the  east  point  of  the  islai 
a  numb(»r  of  more  or  less  extensive  flats  follow  the  coast,  many 
which  are  cultivated  on  a  small  scale.  The  lower  part  of  the  valle; 
of  Ilalawa,  Wailau,  Pelekunu,  and  Waikolu  contains  a  small  amou 
of  lands  chiefly  devoted  to  the  growing  of  taro  on  a  small  scale. 

VEGETATION. 

In  regard  to  vegetation,  the  southern  side  of  the  island  may  1 
separated  in  several  zones.  There  is  first  the  immediate  coast  fring 
distinguished  by  cocoa  palms  and  algarobas;  the  barren  zone;  tl 
belt  of  the  grass  lands;  and  finally  the  high  forests. 

The  southern  coast  is  fringe<l  by  a  narrow,  bright-green  zone 
tliick  and  luxuriant  algaroba  trees  (a  variety  of  mesquit)  whi< 
furnishes  excellent  firewood.  The  abundant  bean  pods  of  the  tree  a 
used  as  forage  for  cattle  and  horses.  This  strip  is  only  a  few  hundn 
fc^et  wide,  butextendsfrom  Kawela  Creek,  almost  without  interruptio 
to  a  point  a  few  miles  west  of  Palaau.  The  western  coast  suppor 
at  Papohaku  a  few  small  and  stunted  groves  of  the  same  tree;  tl 
northern  and  eastern  coast  is  too  humid  to  permit  the  growth  of  th 
essentially  arid-land  tree.  Occasionally,  near  springs  at  the  seashor 
the  lahale  trees  appear,  with  clumps  of  bai^e  trunksand  palm-like  tuf 
of  leaves.  This  produces  a  fiber  used  for  the  manufacture  of  hat 
etc.  There  is  a  large  cocoanut  grove  one  mile  west  of  Kaunakak^ 
Few  groves  of  this  palm  are  planted  east  of  this  on  the  southern  coas 
though  many  places  are  excellently  adapted  for  this  purx)Ose.  B 
thickets  of  the  obnoxious  weed  Lantania  grow  on  the  coast  nej 
Kawela. 


LOBOMwl  VEGETATION.  21 

The  barren  zone  of  rough  lava  bowlders,  with  only  a  few  bushes 
adapted  to  a  dry  climate,  extends  along  the  south  coast,  from  the 
western  point  of  the  island  to  beyond  Kamalo  on  the  east.  At  Palaau 
it  reaches  an  altitude  of  200  feet;  at  Kaunakakai,  1,000  feet;  and  at 
Kawela,  2,000  feet.     Toward  Mapulehu  the  gnisses  reach  s(»a  l(»vel. 

The  pasture  lands  are  covered  ])y  a  thic^k  carpet  of  manania  (a 
variety  of  Bermuda  grass)  or  delicate  tufted  Pele  gniss.  Above  a 
certain  elevation  (about  500  feet  on  the  west  end)  these  give  way  to 
annual  grasses.  Almost  the  whole  of  Kaluakoi,  or  the  west  end,  is 
covered  by  pasture  land;  likewise  the  gap,  excepting  the  arid  strip 
near  Palaau.  Both  of  these  areas  are  practically  treeless.  During 
the  arid  season  the  grass  dries  up.  In  the  creeks  and  canyons  east  of 
the  gap  are  found  groups  of  kukui  trees,  with  their  smooth  trunks 
and  yellowish-green  foliage  bright  with  an  almost  silvery  sheen. 
This  is  also  called  the  candle  tree,  on  account  of  producing  a  nut 
rich  in  oil.     Many  of  these  groups  show  signs  of  damage  by  cattle. 

Isolated  wili-wili  trees  are  also  noted,  with  tlieir  coral  hmI  bean  and 
peculiar  habit  of  shedding  their  leav(is  in  the  summer.  Scattered  cac- 
tus trees  and  hau  bushes  complete  the  meager  flora  of  this  zone.  The 
finest  and  healthiest  groves  of  kukui  tre(»s  are  found  in  the  different 
branches  of  Meyers  Creek  alK)ve  Meyer's  ranch  at  elevations  of  about 
l,or)0  feet.  Parasitical  ferns  grow  in  profusion  on  th(»  tree  trunks. 
Papaia  trees  and  coffee  bushes  do  well  wherever  planted  in  these  shaded 
canyons. 

Ah  the  elevations  increase,  the  grassy  ground  gradually  becomes 
more  swampy.  Near  Meyer's  ranch  the  pastures  are  diversified  by 
thick  bushes  of  wild  guavas,  and  ferns  grow  luxuriantly  in  the.  little 
gulches.  Going  upward  from  Meyer's  ranch  ov(»r  swampy  pastures 
and  partly  decayed  forests,  sometimes  crossing  little  canyons  thick 
with  a  growth  of  ferns,  one  is  suddenly  and  uncxpectcdl}^  stopped  by 
the  great  precipice,  the  northern  pali,  here  dcscc^nding  abruptly  1,500 
feet  to  the  sea,  and  showing  along  its  steep  escarpment  the  broken 
succession  of  the  dark  lava  flows  (PI.  TV,  A).  Far  below,  a  silvery 
white  fringe  of  breakers  marks  the  shore.  A  rocky  peninsula  extends 
at  the  foot  of  the  pali,  and  on  its  western  side*  we  notice  a  prosperous- 
looking  town  with  regular  streets  and  white  cottagers.  Several 
churches  and  larger  buildings  are  also  seen,  and  many  of  the  houses 
are  8urrounde<l  by  bright  green  gard(»ns.  This  is  the  leper  settlement 
of  Molokai.  A  steep  and  s(miewhat  dangerous  trail  leads  down  to  the 
town.  The  inmates  of  the  settlement  arc  not  allowed  south  of  the  pali, 
and  at  the  little  gate  at  the  summit  of  tin*  trail  the  unfortunates  con- 
fined in  the  settlement  often  meet  their  friends. 

In  this  vicinity  the  forests  begin  at  an  elevation  of  2,500  feet,  l)ut 
the  trees  are  in  poor  condition  and  on  large  areas  are  dying.  It  should 
^  ol)served  that  all  forests  on  this  island  gi-ow  on  swampy  ground. 
Open  forests  with  trees  growing  on  dry  ground  do  not  exist.     The 
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lehua,  a  myrtaceous  tree,  in  several  varieties  is  most  abundant, 
has  dark-p^reen  foliage  and  bright-red  flowery  tassels  during  the  spri 
months.  The  height  is  usually  up  to  30  to  40  feet.  More  c^omm 
on  the  north  slope  is  the  ohia  or  mountain  apple,  and  the  koa  w 
its  exceptionally  hard  wood.  Around  the  moss-covered  roots,  f 
quentl}'  branching  a]x)ve  ground,  cluster  the  thick  ului  ferns  {GJc 
chenia)^  and  intermingled  with  the  lehuas  rise  the  pulu  ferns  ( Cihotiu 
with  tlveir  widespreading  fronds  up  to  15  feet  high.  The  whole 
interwoven  with  a  mass  of  tough  eea  vines  (a  kind  of  Panihiniis 
climbing  screw  pine)  to  a  thicket  which  usually  is  almost  impenetral 
except  along  the  Ix^aten  trails. 

From  Meyers  Lake  to  east  of  Kaulahuki  the  forests,  once  said  to 
thick  and  healthy,  are  in  a  decaying  condition.  Kalamaula  swai 
is  now  partly  dried.  Around  Kaulahuki  extends  a  comparatively  il 
high  plateau,  and  the  peak  itself  is  easily  accessible.  Going  up  oa 
this  plateau,  rolling,  grrassy,  and  cut  by  sharply  eroded  little  canyoi 
one  comes  suddenly  to  the  great  alcove  canyon  of  W^aikolu.  T 
plateau  is  cut  off  sharply  as  with  a  knife;  the  eye  sweeps  down  t 
black  abyss  of  the  precipices  of  the  Upper  Waikolu,  and  then  do^ 
the  V-shaped  canyon  to  the  sea.  Narrow  streams  of  wat/cr  desce 
the  faces  like  silvery  threads  on  a  black  background.  But  at  eve 
place  where  there  is  a  possibilitj'  of  foothold  a  rank  vegetation  cov< 
the  rocks,  and  where  the  walls  become  a  little  less  abrupt  there  U 
solid  area  of  dark-green  foliage.  At  the  brink  of  the  canyon  t 
mornings  are  often  calm  and  clear,  but  before  noon  the  sky  an<l  t 
sea  mingle  in  one  hazy  bank  and  the  strong  trades  drive  dripi)i 
mists  and  intermittent  showers  over  the  swampy  highlands. 

A  short  distance  east  of  Kaulahuki  the  horse  trail  ends  and  t 
whole  country  is  covered  by  thick,  healthy  vegetation.  Al)ove  Kaw( 
the  forests  formerly  descended  far  below  Kolekole  hill  to  an  ele\ 
tion  of  3,000  feet.  In  its  normal  healthj'  condition  the  forest  m 
ext(Mids  along  a  width  of  only  one-half  mile  on  the  southern  sloj 
Traversing  this  thick  swamp,  claml>ering  over  slimy,  moss-cover 
roots,  and  wading  through  deep  mud,  one  suddenly  emerges  on  t 
Pelekunu  pali  at  an  elevation  of  4,500  feet.  From  this  point  c^n 
seen  the  whole  of  Pelekunu  drainage  and  part  of  Wailau,  a  gree 
impenetrable  wilderness  bordered  by  nearly  peri>endicular  clif 
Trails  are  said  to  cross  the  island  into  Waikolu  and  Pelekunu,  h 
they  are  dangerous  and  difficult. 

From  Mapulehu  an  exceedingly  bad  though  not  particularly  da 
gerous  trail  leads  over  into  Wailau.  Guided  by  Mr.  Theodore  Me> 
I  ascended  the  steep  grassy  slopes  from  Mapulehu  to  a  more  gent 
sloping  path  between  narrow  canyons,  along  which  kukui,  wi 
orange,  and  guava  grow  in  profusion.  We  made  camp  at  the  ed 
of  the  forest  1,550  feet  above  Mapulehu.  The  next  morning  at  su 
rise  a  magnificent  view  was  obtained  of   Ilaleakala,  Maui's  gre 


LnrDom.l  CAUSES   OF   DECREASE   OF   FOREST.  23 

Tolcano,  with  its  gigantic  crater,  seemingly  only  a  few  miles  distant, 
but  within  a  short  time  the  usual  clouds  again  hid  tlio  summit  of  the 
mountain.  The  track  now  enters  the  forest  and  as(*ends  l,2(X)feet 
in  1  mile,  through  lehua  roots  and  mud,  t<)  Wailau  (4ap,  which  has 
the  etmiparatively  low  elevation  of  2,750  feet.  The  forest  seems 
healthy,  but  Mr.  Meyer  states  that  it  is  niueli  mon»  open  than  for- 
merly, probably  due  to  grazing  of  cattle.  In  this  part  of  the  island 
there  are,  however,  few  cattle  compannl  to  the*  numlxM-  kept  in  th(»  west- 
em  part.  Fnym  the  summit  th(»  extensive  view  ov(»r  Wailau  Valley 
reveals  the  same  impenetrable  sea  of  dark-green  fon»st  reli<»V(^d  by 
bright  patches  of  wild  bananas  and  kukui  groves.  Over  slippery 
moss-covered  rocks  the  trail  descends  2,0(K)  feet  in  1  mile  to  the  east 
fork,  whicli  may  be  followed  for  half  a  mile,  by  wading  through  water 
or  jumping  from  rock  to  rock,  down  to  the  junction  of  the  two  forks, 
at  an  elevation  of  about  600  feet.  Some  distance  before  the  east  fork 
is  reached  we  passed  an  abandoned  kuliana,  or  native  settlement,  with 
ataro  patch  and  a  few  exceedingly  welcome  orange  ti-ees. 

The  Wailau  is  a  comparatively  large*  stream,  and  its  wateT*s  rush  with 
torrential  force  in  the  narrow  canyon.  There  is  no  further  cultivated 
^nnd  until  near  the  mcmth  of  the  river,  wheie  considerable  taro  is 
grown  and  sent  over  by  steamer  to  the  leper  settlement,  partly  whole, 
partly  crushed  to  so-called  '*  paiai "  and  packed  in  ti  leaves.  PI.  Ill,  B, 
represents  the  native  crew  of  the  little  steamer  MokoJil  engaged  in 
loading  paiai.  We  returned  the  same  day  to  the  camp  above  Mapu- 
lehtt.     The  excursion  makes  an  extn^mely  arduous  day's  work. 

CAUSES  OF  DECREASE  OF  FOREST  AREA. 

Many  theories  have  been  advanced  as  explanations  of  the  decay  of 
the  f()n»st.  It  has  l)een  attributed  to  cattle,  d(*er,  and  goats,  to 
(Urrease  of  rainfall,  and  to  a  disease  of  th(^  trees. 

It  is  evi<lently  true  that  for  many  years  tlie  island  has  Ix^en  over- 
stockeil,  especially  th(^  good  pastures  at  higher  t^evations,  and  it  can 
easily  l)e  undei*stood  how  the  damages  to  the*  trees  is  (effected.  The 
cattle  do  not  kill  the  tnH*s  directly,  but  they  destroy  tlu^  thick  grow^th 
of  ferns  and  grass  which  protects  the  roots  and  which  is  evidently 
essential  to  the  life  of  the  Ic^hua  tree.  They  also  imt  tli(»  young  trees 
jnst  coming  uj)  from  seed.  This  has  assuredly  been  the  most  promi- 
nent cause.  Hut  in  many  canyons  where  cattle  scarcely  can  find  their 
way,  as  well  as  in  some  parts  of  the  swamps  near  the  Pel<?kunu  pali, 
the  lehua  trees  are  also  dying,  which  indicates  that  the  tree  is  besides 
suffering  from  some  insect  or  fungus.  The  deer  do  less  harm  than 
^he  cattle,  but  it  may  nevertheless  be  well  to  keep  their  number 
within  reasonable  limits.  In  lower  elevations  goats  abound,  which 
should  be  removed  as  thoroughly  as  possible,  for  they  completely 
<le8troy  the  already  scant  vegetation.  Sheep  have  lately  been  con- 
fined to  the  westerzi  end  (Kaluakoi),  which  8eem»mo^\j^\\\Wi\,Qk\X\5Kvsi. 
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^  All  in  all,  I  believe  that  the  cattle,  in  jwirt  aided  by  the  disease 
I'eferr^Kl  to,  arc*  n^sponsiblo  for  the  decay  of  the  forests  and  tliat  it  is 
not  necessary  to  assume  any  material  changes  in  climate.  As  men- 
tioned, then*  is  no  such  d<»eay  noticeable  at  Mapulehu,  where  very 
few  ('at tie  liave  been  pastured.  In  consequence  of  the  drying  up  of 
the  swamiMs,  the  rainfall  runs  off  rapidly  and  the  streams  l)ecome  more 
intermittent  and  torrential  in  character,  as  indeed  is  very  clearly 
marked  in  the  case  of  Kawela.  To  remedy  these  conditions,  I  can 
only  suggest  the  exclusion  of  cattle  and  other  fern -destroying  ani- 
mals from  the  upper  mountain  region,  which  may  cause  the  swamp 
ferns  and  lehuas  to  grow  up  again.  The  hard  pan  mentioned  on  page 
20  is  a  serious  obstacle  to  refon^stntion.  Planting  certain  areas  of 
land  below  the  swamps  by  eucalyptus,  acacda,  or  Monterey  cypress 
would  remedy  matters  to  some  extent. 

FAUNA. 

As  well  known,  the  native  Hawaiian  land  fauna  is  exceedingly 
sciant.  A  number  of  small  birds  inhabit  the  forests.  Excepting  a 
few  centipedes,  the  objectionable  insects  are  few  in  number.  Man}^ 
varieties  of  tree  snails  an»  found,  oft<;n  of  iM^autiful  color  and  deli- 
cate shell  sculpture.  More  si^ocies  of  these  are  said  to  occur  on 
Molokai  than  cm  adjacent  islands. 

The  introduced  animals  are  deer,  goats,  and  cattle.  The  deer  are 
of  the  spotted  Japanese  variety  and  have  multiplied  rapidly,  so 
rapidly,  indeed,  that  it  litis  been  found  necessary  to  attempt  to  reduce 
their  numlx^rs,  as  they  do  considerable  damage  to  the  vegetation. 
Their  principal  range  is  on  tlie  high  plateaus  a  few  miles  east  of 
Meyer's  ranch  at  the  edge  of  the  forest.  The  goats  have  likewise 
proved  a  nuisance,  and  it  is  difficult  to  keep  in  check  their  rapidly 
growing  numbers.  They  chiefl}'  range,  practically  wild,  over  the  arid 
portion  of  the  southern  slope.  It  is  surprising  to  observe  their 
gymnastic  performances  when  a  band  of  them  is  scattered  browsing 
on  the  ledges  of  canyon  cliffs  which  a  casual  observer  would  pro- 
nounce perpendicular.  The  sheep  kept  on  the  Molokai  ranch  are 
chiefly  confined  to  the  west-em  end  of  the  island.  Most  of  the  cattle 
are  now  kept  on  Molokai  ranch,  including  the  west  end,  the  gap,  and 
a  part  of  the  southern  slope  as  far  as  Kawela.  Some  of  them  run 
almost  wild,  but  atti^mpts  are  made  to  reduce  that  number,  and  also 
to  keep  them  off  the  high  forest  areas.  The  island  has  been  heavily 
overstocked  with  cattle,  but  the  number  is  now  reduced.  East  of 
Kawela  there  are  comparatively  few.  For  a  limited  number  the 
western  half  of  the  island  is  a  most  (excellent  range. 

CULTURE. 

Tradition  has  it  t  hat  in  form(»r  days  Molokai  supported  a  far  greater 
number  of  inhabitants  than  at  present,  and,  further,  that  the  forest 
covered  much  greater  areas,  even  occupy m?^  part  of  the  now  treeless 
^rest  end  of  the  ishuKh      While,  as  exp\a\TveA\  a\>ov^/\\>\&  ^o\s\i\l\jiN. 
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whether  the  rainfall  has  decreased,  it  is  eertjiin  that  with  tho  destruc- 
tion of  much  of  the  forest  areas  an  equalizing  element  of  much  impor- 
tance has  been  eliminatetl.  From  one  ond  of  the  ishmd  to  Uw  other 
the  coast  abounds  in  stone  fences  and  Iieinus  or  square  inelosures  of 
stone  connected  with  the  worship  of  the  ixodn.  Kvid(»iic(»s  of  old  cul- 
tivation are  ai>parent  at  a  num])er  of  now  arid  phi(M»s.  Abandoned 
fanns  are  found  in  the  valley  of  Wailau;  on  the  Pelekunu,  a  mile  or 
two  from  the  coast,  old  aband(med  plantations  of  pineapples  were 
noted.  Such  cultivation  as  now  may  be  earried  on  by  the  natives  Ls 
shiftless  and  imperfect.  Taro  is  raise<l  in  th<*  Low(M'  Wailau  and 
Pelekunu.  Rice  fields  are  cultivate<l  by  Chin(»se  at.  int<M'vals  alonj; 
the  southern  coast.  A  few  small  eocoanut  proves  an*  plante<l,  but 
there  is  only  one  large  grove,  near  Kaunakakai,  said  to  have  been 
planted  by  Kamehameha  V.  Small  seattere<l  kulianas  contain  a  few 
oranges,  mangoes,  and  papaias.  On  the  whol(»,  it  is  elear  that  with 
proper  care  and  industry  the  island  c^ould  support  a  far  greater 
number  of  i)eoplo  than  dwell  on  it  at  present.  To  some  extent  this 
undesirable  state  of  affairs  is  doubtless  due  to  the  consolidation  of 
projwrties  into  larger  holdings  for  prospective*  sugar  cultivation.  Hut 
there  is  also  a  decided  tendency  of  tlu*  natives  to  s<*ll  th(*ir  small  hold- 
ings and  to  move  away  to  centers  like  Honolulu.  Th(*  ranch  of  the 
Meyer  Brothers,  located  about  5  miles  ncn-th  of  Kaunakakai,  shows 
what  can  be  done  even  with  comparatively  small  holdings  when  int(d- 
lijcenl  care  is  applied.  Cattle  are  raised  here,  as  well  as  some  coffee 
and  other  products. 

The  iK>pulation  of  the  island  aggregates  about  2,400;  but  over 
IjiXK)  of  this  number  are  located  in  the  leper  settlenu^nt  on  the  north- 
em  coast,  established  in  18G5  and  embracing  about  S,()0()  acres.  Of 
the  remainder,  several  hundred  an*  i)robably  Japan<'s(^  laborers,  as  the 
census  was  taken  in  1000,  when  there  were  many  of  tliis  class  at  Kau- 
nakakai and  Kamalo,  so  that  there  would  remain  only  about  1,000  peo- 
ple scattered  at  Pelekunu,  Wailau,  Ilalawa,  and  the  southern  cofist 
as  far  west  as  Kawela,  for  along  tlu»  real  arid  part  of  the  coast  there 
are  but  few  inhabitants.  The  total  assess(Ml  value  of  Molokai  was 
only  $250,(KK)  in  1807.  In  1900  this  figure  had  incn^ased  to  about 
1080,000,  due  to  the  projects  for  sugar  ])lantat ion  advanced  that  year. 
In  1901,  after  the  partial  failure  of  these  attempts,  thi^  assessed  value 
decreased  to  8427,000.  The  Molokai  lianch  C'ompany,  a  corporation, 
controls  the  larger  part  of  the  lands  on  tin*  western  part  of  the  island 
anfareast  as  Kawela,  and  mak(»  a  successful  busin(»ss  of  raising  cattle 
and  sheep  on  the  extensive  gi'ass  hinds. 

The  American  Sugar  Company,  closely  connected  with  th(»  Molokai 
Ranch  Company,  began  operations  in  1808  and  1800,  controlling 
nearly  the  whole  of  the  rich  body  of  land  in  the  gap,  and  the  coast  as 
far  east  as  Kawela.  It  was  proi)osed  to  bore  for  water  at  Kaunaka- 
kai, where  10,000,000 /nrallons  per  twenty-four  hovwH  i^Xr^Al  ^VL\i\^l^^\» 
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per  second)  were  expected,  and  to  raise  this  by  means  of  pumps  to  An 
elevation  of  400  feet  to  a  ditch  conveying  it  to  the  cane  lands  below 
the  350-foot  level.  It  was  further  intended  to  obtain  20,0()0,(KX)  gal- 
lons (30.94  cubic  feet  per  second)  1  mile  east  of  Kaunakakai  and  con- 
duct it  to  a  iK)int  2^  miles  away,  where  the  water  was  to  be  liftcnl  500 
feet  to  a  short  ditch  conveying  it  to  the  lowest  point  of  the  gap, 
whence  it  could  l>e  distril>ut.e<l  on  lK)th  slopes.  Eighty  acres  of  seed 
cane  were  planted  on  th<^  Kaunakakai  flats  and  irrigated  from  a  well 
giving  1,000,(K)0  gallons  in  twenty-four  hours  (1.55  cubic  feet  per 
second).  The  failure  of  the  Kaunakakai  wells  to  produce  the 
amount  expected  caused  a  change  in  the  plans.  It  was  decided  to 
bore  wells  at  the  mouth  of  Kawela  Gulch  and  raise  the  water  alK>ut 
70  feet  to  a  cement-line<l  aqueduct,  which  should  convey  it  to  the 
high-lift  pump  mentioned  above.  Here,  too,  however,  the  quantity 
obtainable  at'oue  point  seeme<l  insufficient,  and  difficulty  was  experi- 
enced in  avoiding  contamination  by  salt  water.  Attempts  were  aLso 
made  to  find  water  by  deep  borings.  In  1900  the  company  decided 
to  abandon  operations  for  the  time  being,  and  thus  the  jiroblem  how 
to  obtain  water  for  the  rich  sugar  lands  at  the  gap  still  remains 
unsolved. 

The  Kamalo  Sugar  Company  controls  tlie  coast  from  Kamalo  to 
Mapulehu.  In  this  distnuce  tliere  are  a  number  of  smaller  flats 
aggregating  a  considerable  area.  It  was  i>roposed  to  utilize  these  for 
sugar  cane  by  wells  bored  along  the  coast  and  raised  to  a  ditch  about 
70  feet  above  sea  level.  A  small  area  of  sugar  cane  for  se^  was 
planted  at  Kamalo  and  irrigated  by  means  of  a  permanent  small 
stream  at  the  head  of  Kamalo  Gulch.  The  water  was  taken  out  a 
short  distance  east  of  Kolekole  Peak  and  temporarily  conducte<l 
down  in  a  ditch  along  the  ridge.  As  Kamalo  Gulch  often  contains 
running  water,  it  was  also  proposed  to  utilize  this  source. 

WATFJl  8irPPIA^. 

GENERAL  PRINCIPLES. 

The  fundamental  law  governing  the  wat^r  supply  is  that  the  only 
source  of  fresh  water  is  the  rainfall.  A  part  of  this  rainfall  is  carried 
off  by  evaporation,  another  part  by  the  streams,  while  a  third  and 
largest  part  sinks  into  the  gi-ound  and  gradually'  finds  its  way  to  the 
ground  water,  which  permanently  saturates  the  rocks  below  a  certain 
level. 

15ut  on  this  small  island,  l)uilt  up  of  extremely  porous  rocks,  and  sur- 
rounded by  salt  water,  peculiar  conditions  result.  In  the  absence  of 
any  impermeable  stratum  or  basins  filled  by  clayey  material,  such  as, 
for  instance,  exist  on  Oahu,  there  is  nothing  to  prevent  the  sea  water 
from  inmetrating  the  rocks  freely  and  assuming  a  level  differing  but 
little  from  the  sea  level.  Below  a  certain  level  there  is  indeed  no 
^ffoii  to  expect  auytlxm^  but  salt  water. 


uxiKiRn]  GENERAL  PRINCIPLES   OP   WATER  SUPPLY.  27 

On  the  other  hand,  the  rain  water  also  sinks  frc^ij'  through  the 
porous  rocks  until  it  meets  the  sea  water.  Here,  at  tlie  permanent  water 
level,  it  is  held  by  the  counter  pressure  of  the  sea  water,  and  in  fact 
rests  like  a  sheet  on  the  same.  Hetween  the  underlying;  salt  water 
and  the  fresh  water  on  top  of  it  there  is  an  intermediate  zono  of  vary- 
ing widtli  in  which  the  two  mingle  to  form  hiackisli  water.  The  fresh 
water,  always  receiving  additions  from  above,  is  slowly  but  st^^mlilj' 
moving  to  the  only  outlet  it  can  find — that  is,  to  the  springs  located 
along  the  sea  shon%  just  almve  or  a  litth*  below  sea  h^vel. 

The  surface  of  siilt  water  is,  apparently,  near  Ww  coast  on  the  south 
side  of  the  island,  about  100  feet  1k»1ow  the  surface  of  thc^  ground. 
Inland  this  level  sinks,  and  is  also  doubtless  deei>er  on  the  north  than 
on  the  south  coast.  The  permanent  surface  of  f  n^sh  watc^  rises  inland 
very  slowly,  so  that  a  mile  or  more  inland  the  water  in  wells  ma}' 
stand  only  a  footer  two  above  sea  level.  Only  at  Kawela,  a  few  hun- 
dred feet  from  the  coast  line,  is  tht^  water  level  from  2  to  '^  f(»ct  above 
mean  sea  level,  and  in  this  place  a  more  abundant  underground  water 
supply  is  found  than  at  any  other  point  west  of  it.  This  generally 
low  level  of  ground  water  is  a  distinctly  unfavorabh*  sign,  i)ointing  to 
small  precipitation  and  water  supply. 

The  one  feature  favorable  to  th<*  jx^rcolatiou  of  Uw  water  to  the 
8f»nthern  coast  line  is  that  the  lava  beds  all  slopt^  in  this  direction — 
that  Ls,  toward  Palaau,  Kaunakakai,  and  Kawela — thus  to  somc^  extent 
gliding  the  water  in  this  direction. 

On  the  north  coast  the  permanent  watei*  lov(4  is  much  higher,  as 
in<lioated  by  the  numl>er  of  strong  springs  (^oming  out  at.  elevations 
of  from  3()()  to  500  feet  above  sea  level. 
Above  the  surfa(*e  of  the  ground  water  there  may  b(»  sonH^  move- 
rj^  nit'iit  of  water  in  cracks  and  lissunss,  but  tlu^re  is  no  pernuuu^nt  and 
aluiiKlant  supply,  certaudy  not  on  the  south  slope.  Thus,  tunneling 
oil  this  slope  is  not  apt  to  develoj)  any  considerable  amount  of  water, 
though  it  may  open  some  snmll  fissures  in  which  water  circulates. 
Asji  matter  of  fjict,  very  little  water  has  been  (l(n'<»loi)e(l  by  the  several 
tunnels  driven  near  springs  at  higher  (^1(»  vat  ions.  If  it  were  possible 
to  drive  a  tunnel  with  very  slight  grach^  from  sea  level  or  from  n(»ar 
the  same,  such  an  opening  might  develop  a  consideiable  amount  of 
ground  water;  but  this  would  be  attended  witli  many  ditlicnlties. 

lliero  is  considerable  irregularity  in  tlu»  amount  of  water  available 
below  the  ground-water  level.  Th(»  porosity  of  the  roi'k  changers  very 
nipidly;  open,  l(K)se  agglomerates  are  laterally  adjoin<'d  by  hard, 
niuch  more  impervious  basalts.  Further,  the  drainage  conditions 
vary,  the  ground-water  surface  rising  higher  in  one  place  than  in 
another;  thus  in  closely  adjoining  wells  thc^re  may  be  gn^at  dilTen*\ice 
in  the  amount  of  water  available  from  the  same  level. 

The  water  from  the  flowing  streams  an<l  from  the  s[)rings  enu^rging 
at  high  elevations  contains  i)ra(*tically  no  chloride  of  sodium.^  this 
^^iiigthe  only  SHline  oonstituieni  necessary  to  consVdoiT. 


; 
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In  tlio  j^round  water  aloii^^  the  coast  the  salinity  is  decidedly  higher 
except  whore  the  gTOund  water  is  mingled  with  water  sinking  from 
intermittent  streams.  The  salinity  increases  with  the  distance  from 
the  cent<^r  of  maximum  precipitation.  ITius,  at  Palaau  the  water 
contains  00  j^rains,  at  Kaunakakai  50  grains,  and  at  Kawela  25  grains 
per  gallon. 

In  the  following  pages  the  available  water  resources  will  be  described 
under  the  head  of  springs,  streams,  and  wells. 

SPRINGS. 

The  springs  coming  out  on  the  southern  sloi>e  of  the  island  maybe 
dividcHl  in  Ihn^e  chisses:  First,  thosc^  emerging  at  sea  level.  These 
are  very  numerous,  and  often,  by  reason  of  their  vicinity  to  seashore, 
more  saUy  than  the  normal  groun<l  water.  Second,  those  appearing! 
at  el<»vations  from  1,000  to  i*,500  feet.  Between  the  sea  level  an(: 
1,0(M)  feet  no  permanent  springs  appear,  at  least  not  west  of  Kamalo 
Third,  those  of  the  summit  region  feeding  the  iK^rmanent  streams 
These  will  Ik^  mentioned  under  the  heading  of  ** Running  streams.' 

On  the  north  coast  springs  are  more  numerous  and  larger  aiK 
emerge  at  any  elevation.  Strong  springs  appear  in  the  Wailau  am 
Pelekunu  at  from  IKK)  to  0(M)  feet  above  sea  level. 

SPRINGS   ON   SEASHORE. 

No  permanent  springs  are  known  on  the  whole  north  and  west  coas 
of  Kaluakoi  or  the  west  end.  A  siiuill  spring  has  long  Iwen  knowi 
to  emerge  on  the  south  sid(»  of  the  ridge,  near  the  summit,  2  mile* 
east  of  the  light-hous(%  at  at  elevation  of  180  feet,  but  it  dried  upi: 
1S!)8  and  has  not  been  running  since.  At  Waiakano,  well  l)elow  hig^ 
tide,  a  strong  si)ring  of  fair  wat(»r  appears. 

The  next  important  localitj'  is  Palaau.  In  the  grassy  marsh  l)elo\ 
the  de(»p  well  big  springs  come  out  for  a  disUmce  of  7(.X)  feet.  Man; 
old  taro  patches  indicate  that  this  water  has  been  used.  One  of  ihes- 
spiings  flowed  about  <)0,000  gallons  a  <lay  (0.09  cubic  foot  per  sec 
ond),  and  the  aggregate  How  must  be  large.  A  sample  yielded  10 
grains  of  sodium  chloride  per  gallon.  On  Naiwa,  between  Palaai 
and  Halfway  Camp,  near  a  lone  cocoanut  tree,  strong  springs  emerg 
from  clefts  in  the  basalt  rock  at  the  beach,  1  foot  above  high  tide 
the  total  visible  flow  nmy  be  as  much  as  170,000  gallons  in  twenty 
four  hours  (O.iT)  cubic  feet  per  second),  and  the  salinity  is  127  grains 

Half  way  between  Palaau  and  Kaunakakai  again  a  number  o 
smaller  springs  appear,  with  a  salinity  of  SO  grains  i)er  gallon.  The; 
emerge  1  or  2  f(»et  above  high-tidt^  level. 

The  next  locality  is  Cocoanut  grove,  I  mile  west  of  Kaunakakai 
when  very  strong  springs  come  out  from  the  sand  at  the  shore  for. 
distfince  of  150  feet.     The  total  flow  is  difficult  to  estimate,  but  it  ma; 
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beoyer  200,000  gallons  in  24  honrs  (0.31  cubic  foot  per  second).  The 
inter  contains  115  grains  of  sodium  chloride  i^er  gallon. 

Near  Kaunakakai  there  appear  to  be  no  springs  of  importance,  but 
Imile  e4fwtward,  close  to  the  road,  a  strong  spring  comos  out  from  the 
basaltic  rock  at  the  foot  of  a  bluff,  1  foot  above  s(>a  lev(»l.  Flow, 
ipproximately  0,000  gallons  in  24  hours  (O.Ol  cubic  foot  per  s<»(»ond). 
The  water  contains  76  grains  sodium  chloride  ixm*  gallon. 

From  this  place  to  a  point  1,(KX)  feet  east  of  Onini  triangulation 
station  no  j'prings  were  seen  at  sea  l<»vel,  tliough  wells  find  water  at 
a  depth  of  a  few  feet  in  most  places,  the  sodium  chloride  in  these 
amonnting  to  alK)ut  115.  grains.  At  the  locjality  just  mentioiu?d  a 
strong  spring  appears,  and  for  a  distance  of  several  hundred  fc^et  much 
water  comes  out  along  the  beach.  Tlie  total  flow  must  excreed  200,000 
^ions  in  24  hours  (0.31  cubic  foot  per  second).  'I^he  sodium  chlo- 
ride amounts  to  72  grains  per  gallon.  A  little  water  comes  out  east 
of  this  i)oint  as  far  as  the  end  of  wall  around  the  fish  pond.  Again, 
small  springs  appear  at  the  kulianas,  just  west  of  the  mouth  of 
Kawela  Gulch.  All  of  these  springs  east  of  Onini  are  undor  water  at 
Wgh  tide. 

The  largest  springs  noted  appear  in  th(^  rice  field  east  of  Kawela 
Gulch,  at  the  foot  of  a  little  bluff;  they  are  l.A  feet  above  sea  level, 
and  the  aggregate  volume  of  water  m(?asured  by  the  discharge  from 
the  rice  field  is  450,000  gallons  in  24  hours  (0.70  cubic  foot  per  second). 
The  wat^r  contains  12  grains  of  sodium  chloride  per  gallon.  East  of 
Kawela  the  coast  was  not  examined  in  detail.  Probably  the  coast 
springs  continue  all  the  way  to  Ilalawa  and  are  fully  as  strong  as  at 
Kawela. 

HIOH-LEVEL   SPRINGS. 

On  the  south  slope,  west  of  Kamalo,  the  springs  issuing  Ix^tween 
l,o<X>and  2,400  feet  above  sea  level  are  exceedingly  few  in  number. 

The  gulch  heading  north  of  Meyers  at  Puu  Lua  and  (Muptying  into 
the  sea  after  flowing  a  few  miles  westward  contains  thrive  springs. 
The  principal  one,  at  an  elevation  of  1,'300  feet,  yields  at  least  30,000 
gallons  in  twent3'-four  hours  (0.05  cubic*  feet  per  sec'ond),  has  no  salt, 
and  on  May  21  flowed  on  the  surface  for  a  distance  ot  at  least  one-half 
mile.  Water  comes  out  for  a  distance  of  about  1,000  feet;  at  the  head 
two  short  tunnels  have  been  run  into  the  side  hill  without  increasing 
the  flow.  At  this  place  there  is  a  watering  trough,  but  the  spring  is 
said  to  be  apt  to  run  dry  toward  the  end  of  the  dry  season.  Another 
small  spring  inclosed  by  a  stone  wall  is  found  in  the  next  gulch  just 
below  Puu  Lua.  Lower  down  in  a  tributary  to  the  same  gulch,  at  an 
elevation  of  1,000  feet,  a  little  j^ermanent  water  trickles  out  from  the 
side  and  supplies  a  watering  trougli. 

In  the  same  vicinity,  on  Meyer's  ranch,  are  two  permanent  springs. 
The  first,  1,500  feet  east  of  the  trail  to  the  leper  settlement,  at  an  ele- 
vation of  1,500  feet,  yields  continuously   about  20,000  ^^allows  m 
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twenty-four  hours  (0.03  cubic  feet  per  second).  The  secondj  dcve 
oped  by  a  tunnel  300  feet  long,  drains  toward  Meyers  Gulch  and  fn 
nishes  about  40,000  gallons  (0.06  cubic  feet  per  second),  nearly  all  ( 
which  wjis  developed  by  this  tunnel. 

A  well-defined  spring  is  that  of  Rapuna,  at  an  elevation  of  Ifi- 
feet.  This  probably  yields  about  40,000  gallons  (0.06  cubic  feetp 
second),  which  is  conveyed  in  a  pipe  line  to  the  Molokai  ranch.  Tl 
water  contains  3  grains  of  sodium  chloride  per  gallon.  It  is  iierm 
nent  in  all  seasons  according  to  reports.  A  short  tunnel  has  been  n 
in  under  the  l)ottom  of  the  gulch,  but  it  failed  to  develop  any  add 
tional  amount  of  water. 

In  that  branch  of  Luahine  Gulch  heading  at  Hunter's  cabin,  at  tl 
old  wagon  road  leading  up  to  the  summit,  a  spring  appears  on  tl 
west  side  at  an  elevation  of  2,400  feet,  30  feet  above  the  bottom  • 
the  gulch.  Its  permanency  is  indicated  by  a  bunch  of  wild  banan; 
growing  close  by.  The  flow  was  measured  on  May  28,  and  was  four 
to  be  about  77,0(K)  gallons  a  day  (0.12  cubic  feet  per  second).  Tl 
water  is  practically  free  from  salt,  but,  according  to  rt^ports, 
dwindles  down  to  a  fraction  of  this  amount  during  the  driest  part  ( 
the  season.  A  tunnel  800  feet  long  has  been  run  in  under  the  hill  i 
a  north-northeast  diit^ction  l)elow  the  Kalamaula  Swami>,  but  vei 
little  additional  water  was  developed.  The  water  comes  out.  froi 
the  side  and  roof  for  short  distance,  while  the  rest  of  the  tunnel 
simply  moist,  giving  no  flowing  water. 

The  only  nMuaining  spring  at  middle  elevations  is  on  Kawela,  nef 
its  east  boundary,  in  the  gulch  ncjir  Foster's  mountain  house,  at  a 
elevation  of  2,500  feet.  Th(»  water,  which  is  pure  and  cold,  amountc 
to  10,000  gallons  a  day  (0.02  cubic  feet  per  second),  when  visite( 
hut  the  amount  is  U^ss  in  very  dry  weather.  From  this  iK)int  1 
Ualawa  no  (h^tailed  examination  has  been  made,  but  it  is  probab 
that  springs  arc*  somewhat  mon»  frequent.  At  Mapulehu  the  swami: 
forests  descend  to  1,400  feet  above  the  sea,  and  many  springs  ai 
found  at  their  lower  edge. 

RUNNING    STREAMS. 
STREAMS   OF  THE   NORTH   (H)AST. 

On  Kaluakoi  there  are  no  permanent  streams;  the  gulches  contii 
water  only  for  a  short  time  after  heavy  rains.  Manna  Loa  (4uk 
emptying  near  Palaau,  is  the  only  one  in  whose  upper  course  a  lit 
water  runs  during  the  larger  part  of  the  rainy  season. 

The  gulches  on  the  north  coast  west  of  the  leper  settlement  ji 
also  dry  except  during  heavy  rains.  The  running  streams  to  ])e  cc 
sidered  are  as  follows:  On  the  north  coast,  Waihanau,  Waiale 
Waikolu,  Pelekunu,  and  Wailau;  at  the  east  point,  llalawa;  on  t 
south  slope:  Meyers,  Kaunakakai,  Kawela,  Kamalo,  Mapulehu,  a 
^yHm}ua  gulches. 
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Waihanau. — ^The  lower  jmrt  of  the  Waihanau  is  a  deep  recess  cut 
liack  from  the  pali,  and  over  the  edge  of  this  recess,  as  iudicat^ed  on 
tJiemap,  the  stream  flows  in  a  series  of  falls.     In  the  lower  part  of 
the  valley  the  stream  does  not  run  during  the  sumnior.     The  upper 
part,  which  alone  is  considered  here,  has  a  drainage  an»a  of  only 
about  one  square   mile,  but   receives  a  great  deal  of  rain  water. 
Swamps  line  it«  borders,  and  much  water  comes  in  from  springs  on 
the  sides  of  the  abrupt  canyon  in  which  it  flows,  and  which  1ms  a 
depth  of  from  3(X)  to  500  feet.     The  grade  is  about  100  feet  in  2,000. 
In  the  upper  portion  the  stream  is  pernmnent  though  low  in  the  dry- 
est  part  of  the  season.     I  am  informed  by  Mr.  D.  Center,  the  manager 
of  the  plantation  at  Kaunakakai,  that  when  at  its  lowest  stage  the 
water  will  fill  a  4-inch  pipe  lying  nearly  horizontal.      This  would 
correspond  to  about  80,000  gallons  in  twenty- four  hours,  (0.12  cubic 
feet  per  second).     When  visited  on  April  25,  the  flow  was  about 
2,500,000  gallons  a  day  (3.87  cubic  feet  per  second),  at  an  elevation 
of  2,046  feet.     The  weather  was  showery.     On  June*  22,  after  three 
weeks  of  uninterrupted  clear  and  warm  weather,  it  flowed  1,500,000 
gallons  (2.32  cubic  feet  per  second).     On  June  25,  during  the  begin- 
ning of  showery  weather  which  continued  for  three  days,  the  flow 
was  8,500, (XX)  gallons  (13.15  cubic  feet  per  s(»(*ond).     These  results 
were  obtained,  as  all  of  the  following,  at  places  wherci  the  stream  ran 
with  slight  grade  above  and  fell  over  an  easily  in(*a8ural)le  natural 
weir,  and  should  be  accurate  within  10  per  ecMit.     1  conclude  that  the 
stream  can  be  relied  on  for  3,250, (X)0  gallons  i)er  twenty-four  hours 
(5.03  cubic  feet  per  second)  from  Novi^niber  1  to  June  1,  for  1,()()0,()00 
gallons  (1.55  cubic  feet  per  second)  from  June  1  to  August  1,  and  for 
at  least  100,000  gallons  (0.15  cubic  foot  per  second)  from  August  1  to 
November  1. 

WamleUi, — This  stream  has  formed  a  deep  recess  from  the  pali, 
shorter  but  wider  than  that  of  the  Waihanau.  ()v<m-  tlie  nearly  per- 
pendicular wall  of  this  recess  it  falls  in  cascadc^s.  Thi^  water  in  the 
lower  part  of  the  valley  sinks  during  the  dry  s(»ason.  ( )nly  tlu*  u])iK^r 
part  alK)ve  the  precipice  is  here  considered;  it  forms  a  small  canyon 
extending  back  for  a  mile  to  Puu  Kaeo.  The  watershed  is  only  one- 
half  of  a  square  mile,  but  the  supply  is  permanent,  being  fed  by 
springs. 

During  the  driest  part  of  the  season  it  fills,  according  to  Mr.  Center, 
H  2-inch  pipe  laid  nearly  horizontally.  This  would  correspond  to 
aix)ut  16,800  gallons  in  twenty-four  hours.  Measured  .May  24,  dur- 
ing showery  weather,  at  an  elevation  of  2,820  t*eet,  a  flow  of  400,000 
Pillons  (0.62  cubic  feet  per  second)  was  obtained,  which  may  be  taken 
to  corresi>ond  to  average  flow  from  November  1  to  June  1. 

Waikolu. — The  Waikolu  is  a  still  larger  and  deeply  cut  canyon, 
surrounded  near  its  head  by  almost  perpendicular  precipices,  2,000 
feet  in  height.  From  the  summit  region  belonging  to  its  drainage 
three  streams  fall  in  ^rand  cascades  over  ttiea^  pY^^vgiv^i^^.    "W^ 
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streaDi  wirrios  permanent  water,  which  is  used  in  the  bottom  of  the  t 
valley  for  |i:rowing  taro,  the  water  rights  of  the  lower  jmrt  belonging  ; 
to  the  leper  settlement. 

The  area  <lraine<l  by  the  western  branch  of  the  Upper  Waikoluis  \ 
only  one-half  of  a  sifaare  mile,  but  practically  all  of  it  is  swampy 
lands,  insuring  a  good  suppl}',  permanent,  though  small,  even  throngh  ■ 
the  dry  montlis.  The  stream  has  cut  a  small  e«nyon  about  300  feet 
deep  in  this  swampy  plateau.  The  water  was  measured  at  an  eleva- 
tion of  3,045  feet  on  May  31,  after  three  days  of  warm,  clear  weather 
following  showery  weather,  which  are  practically  nonnal  conditionB. 
The  flow  was  1 ,250,000  gallons  (1.93  cu]>ic  feet  per  second),  which  may 
be  accepted  as  the  normal  for  the  rainy  season.  The  two  other 
branches  of  the  Waikolu  head  on  the  swampy,  almost  inaccessible 
plateau  betwwMi  Waikolu  and  Pelekunu. 

Pelekunu, — Like  the  others  on  the  north  coast,  this  stream  has  cut 
a  deep,  alcove-like  recess  from  the  pali  along  the  coast,  continuously 
surroun<led  bj'  precipices  from  2,000  to  3,000  feet  high.  The  highest 
pait  of  this  precipice  is  toward  Kawela,  while  a  narrow  backbone, 
with  an  elevation  of  2,500  feet,  separates  it  from  the  heiul waters  of 
the  Wailau.  The  watershed  has  an  area  of  7  square  miles.  In  its 
lower  course  the  grade  of  the  stream  is  about  100  feet  per  2,000,  but 
above  elevations  of  1,(K)0  feet  it  becomes  very  steep.  The  whole  area 
is  covered  by  extremely  dense  vegetation  of  ferns,  lehuas,  kukui,  eea 
vines,  and  in  many  places  wild  bananas  and  mountain  apples.  Many  . 
large  springs  swell  the  lower  course  of  the  Pelekunu,  coming  out  at 
elevations  of  from  300  to  GOO  feet.  At  an  elevation  of  350  feet  the 
stream  forks,  tlie  west  branch  again  forking  above  this  at  an  elevation 
of  425  feet. 

On  June  15  I  visited  the  lower  course  of  the  river,  ascending  from 
the  coast,  there  being  no  safe  trail  from  the  south  side  of  the  island 
to  Pelekunu.     The  landing  at  Pelekunu  is  difficult,  and  on  account 
of  the  heavy  surf,  practically  impossible  during  the  winter  months. 
The  weather  for  two  weeks  had  been  clear  and  warm,  following  a 
period  of  showers.     The  east  branch  of  Pelekunu,  measured  at  an 
elevation  of  400  feet,  ccmtained  5,300,000  gallons  (8.20  cubic  feet  per 
secon<l).     The  middle  or  main  branch,  measured  at  an  elevation  of 
475  f<»et,  contained  11,700,000  gallons  (18.10  cubic  feet  per  second), 
while  the  west  fork  at  the  same  elevation  contained  4,500,000  (6.96 
cubic  feet  per  second),  making  a  total  of  21,800,000  gallons  in  twenty- 
four  hours  (33.73  cubic  feet  per  si*cond),  from  a  watershed  of  4  square 
miles.     The  quest ioa  of  minimum  flow  is  a  difficult  one  to  answer 
without  any  measuremunt^i  during  the  driest  part,  of  the  season.     A 
total  of  5,000,000  gallons  (7.74  cubic  feet  per  second)  at  an  elevation 
of  500  feet  is  certainly  conservative;  more  probably  the  least  flo^ 
would  be  6,000,000  or  7,000,0(X)  gallons  (9.28  or  10.83  cubic  feet  per 
second).     More  observations  during  September  or  October  are  neces^ 
sarj^  to  settle  this  point. 
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Waiau. — This,  tho  largest  stream  of  the  island,  is  in  general  char- 
•cterifilics  very  similar  to  the  Pelekunii.  Its  drainage  area  is  slightly 
hrgerand  is  covere<l  by  the  same  dense  vegetation.  Preeipicos  like 
thoseat  Pelekunu,  though  scarcely  as  steep,  surround  the  basin,  which 
JBnarrower  toward  the  sea  than  toward  \\w  head.  A  <lifl[icult  foot 
^1  connects  Wailau  with  Pukoo  and  Mapulehu  and  crosses  the 
Boantain  at  a  pass  with  the  low  elevation  of  2,S(K)  feet.  From  the 
rammit  gap  the  trail  descends  along  the*  ridge  In^tween  the  two  prin- 
cipal forks  and  reaches  the  east  branch  at  an  elevation  of  GOO  feet; 
then  it  follows  this  for  some  distance  and  asccMiding  again  over  the 
small  point  Puu  o  Wailau  (elevation  ♦>80  feet),  it  reaches  the  junction 
of  the  forks  at  470  feet.  At  th(?  time  of  the  visit,  June  5,  clear  weather 
liad  prevaile<l  for  one  week  over  tin*  whole  island,  following  showery 
weather  in  t  he  end  of  May. 

At  an  elevation  of  500  feet  the  east  fork  contained  7,500,000 gallons 
(11.60  cubic  feet  per  second),  and  at  the  same  elevation  the  west  fork 
contained  14,100,000  gallons  (2 1.8 -J  cubic  f(»et  {mm-  secon<l),  thus  giving 
atot^l  of  21,600,000  gallons  in  twenty-four  hours  (;J:{.4l>  cubic  feet 
per  8econ<l)  from  an  effective  drainage  area  of  5  square  miles.  It  will 
be  noticed  that  the  Wailau  and  the  Pelekunu  differ  but  little  in  their 
total  flow;  while  the  drainage  area  of  the  latt<^r  alM)ve  500  feet  is 
Blightly  smaller,  the  elevation  of  its  watei-shed  and  the  precipitation 
is  probably  somewhat  larger  than  that  of  Wailau. 

Regarding  the  minimum  flow  llie  same  remarks  ai)ply  as  have  lx*en 
made  regarding  the  Pelekunu.  Ten  million  gallons  (15.47  cubic  feet 
per  second)  is  a  lil)eral  estimate  of  the*  least  flow;  more  likely  it  is 
8,000,000  gallons  in  twenty-four  hours  (lL*.»'iS  cubic  f(M»t  per  second). 

Several  minor  streams  descend  like  silvery  threads  from  the  pali 
into  the  si»a  betwei»n  Wailau  and  the  eastern  end  of  the  island.  Some- 
times the  stnmg  trade  winds  dissii)ate  th(\s(»  cascades  into  mist  before 
they  reach  the  f(K)t  of  the  escarpment. 

Halawft. — \'ery  near  the  eastern  ])rom()ntorv  the  important  water- 
course of  Ilalawa  empties  into  the  sea.  llalawa  ditTers  from  the  other 
streams  in  flowing  in  an  almost  due  east  direction.  Its  watershed 
comprises  alwut  8  square  miles;  it  has  its  source  in  the  swami)y, 
impenetrable  plateaus  east  of  Wailau,  and  it  d<\scen<ls  from  these  in 
ft  beautiful  waterfall  plainly  seen  from  the  harl)or.  For  a  mile  or 
two  above  its  month  it  flows  in  a  somewhat  oi)eii,  fertih*  valley.  The 
niinimum  flow  of  llalawa  is  n^ported  l)y  Mr.  O'Shaughiiessy,  former 
engineer  to  the  Americiin  Sugar  C-oinpany,  to  he  a])out  5,000,000  gal- 
lons in  twenty-four  hours  (7.74  cubic  f(»et  i)er  se(»ond). 
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STREAMS   OF  THE   SOUTH    COAST. 


Meyers  Ovleh. — This  stream  has  a  drainage  area  of  10  square  miles, 
the  largest  on  the  south  coast,  but  except  n(»ar  the  summit  it  contains 
DO  permanent  water,  not  even  during  thc^  winter  iuoix\)\vh,    \\»^wk^ow 
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is  sharply  cut  into  the  grassy  plateau  to  a  depth  of  from  200  to  30( 
feet,  and  contains  in  places  thick  groves  of  kukni  trees.  It  empti« 
a  short  distance  east  of  Palaau.  The  grade  in  the  lower  course  i 
moderate,  but  above  an  elevation  of  1,500  feet  it  increases  rapidly  an< 
the  canyon  contains  many  abrupt  falls.  The  uppermost  courses  of  th 
different  branches  have  again  a  more  gentle  grade.  At  an  elevatio: 
of  700  feet  the  creek  branches.  The  east,  or  Luahine,  fork  head 
with  two  prongs  near  the  Hunter's  cabin,  on  Kaunakakai  land  division 
at  an  elevation  of  3,000  feet;  the  main  branch  continues  by  Meyer' 
ranch,  where  it  is  joined  by  several  smaller  branches  extending  u 
towanl  Meyers  Lake,  and  1  mile  above  Meyers  divides  again  into  th 
Kahapakai  and  t.he  Mokomoka  branches,  both  of  which  head  at  elf 
vations  of  about  2,600  feet  in  Kalamaula  swamp. 

During  the  winU^r  of  1800-1900  the  wat^r  in  this  gulch  i-eached  th 
coast  four  times — in  December,  April,  May,  and,  lastly,  June  27  and  2^ 
The  volume  is  considerable,  sometimes  5,000,000  to  8,000,000  gallon 
in  twenty-four  liours  (7.74  to  12.38  cubic  feet  per  second),  but  th 
flow  subsides  rapidly.  On  June  27  about  5,000,000  gallons  came  dow: 
in  twenty-four  houi-s  (7.74  cubic  feet  per  second),  while  the  next  da; 
there  was  but  a  slight  stream  trickling  along  the  bed. 

Tlie  p<»rmancnt  water  appears  chiefly  in  the  Kahapakai  Fork.  Nea 
its  head,  which  is  separated  only  by  a  narrow  ridge  from  the  cauyo 
of  the  Waihanau,  it  is  fed  by  strong  and  continuous  springs  comin 
in  chiefly  from  the  oasl  side.  Between  2,0(X)  and  1,500  feet  there  is 
sharp  grade.  Though  the  flow  is  small  in  summer  the  water  run 
permanently  as  far  down  as  AVahii  (elevation,  1,475  feet),  where  on 
branch  of  the  water  i)ipe  supplying  the  ranch  ends.  Below  this,  o 
May  20,  a  little  water  was  running,  but  only  as  far  as  the  junction  ( 
the  two  forks. 

On  May  24,  in  light  showery-  weather,  Kahapakai  was  measure<lf 
an  elevation  of  1,075  feet,  and  flowed  281,000  gallons  (0.43  cubic  fo( 
per  second),  diminishing  at  an  elevation  of  2,200  feet  to  192,000  ga 
Ions  (0.30  cubic  foot  per  second).  The  same  creek,  at  an  elevation  ( 
1,075  feet,  contained  on  June  25  (liglit  showers  following  three  weei 
of  drought)  155,000  gallons  (0.24  cubic  foot  per  second).  On  May  2i 
aft<?r  some  pretty  heavj'  showers,  the  water  at  Wahii  measured  on) 
151,200  gallons  (0.23  cubic  foot  per  second),  showing  that  the  max 
mum  flow  is  at  a  considerably  higher  elevation. 

The  Mokamoka  Fork  does  not  contain  as  much  water,  nor  is  it  pe 
nianent  during  the  summer.  On  May  20  it  was  running  only  a  litt 
water  one-fourth  of  a  mile  above  the  mouth  of  Kapuna  Spring  Guld 
Its  average  flow  during  the  rainy  season,  at  an  elevation  of  2,0(X)  fee 
may  be  estimated  to  be  150,000  gallons  (0.23  cubic  foot  per  second 
The  Luahine  Fork  of  Meyers  Gulch  branches  at  an  elevation  of  2,0( 
feet,  the  two  forks  heading  on  cAch  side  of  Kalualohe  Hill.  The  we 
fork  carries  some  water,  about  100,000  gallons  (0.15  cubic  foot  p 
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second),  in  the  rainy  season,  and  is  said  to  run  some  throughout  the 
ninmer.  The  east  fork  contains  the  sprinp^  mentioned  above.  The 
low  begins  one-half  mile  above  the  tunnel  and  ccmtinues  for  at  least 
the  same  distance  below  it.  The  maximum  flow  is  ixM-haps  1,(X)0  feet 
below  the  tunnel.  On  May  30  it  gave  135,000  j^allons  (0.i4  cubic  foot 
per  second). 

Kaundkakai  Giilch. — This  j^ulch,  debouching  at  Kaunakakai,  has 
eat  a  long,  narrow  box  canyon,  and  embraces  a  watersh(»d  of  al  out  8 
iquare  miles.  It  has  a  very  straight  course  and  is  from  1(K)  to  400 
feet.deep,  the  maximum  depth  l)eing  attained  at  the  junction  of  the 
forks  below  Kaulahuki.  Fnmi  the  west  it  receives  sonu»  deeply 
eroded  tributaries  heading  at  Hunter's  cabin,  but  these  are  usually 
dry,  even  through  the  rainy  season.  The  main  <»anyon  has  near  the 
mouth  a  grade  of  about  100  feet  in  1,500.  In  its  middle  course  it  is 
Terj-  steep,  while  on  both  sides  of  Kaulahuki  lighter  grades  again 
[ffevail.  The  gulch  contains  running  water  in  its  middle  and  lower 
eoarse  only  after  heavy  rain  storms.  Oc'casionally,  very  heav}'  fresh- 
ets flood  the  plain  at  it«  moutli  and  bring  h(»avy  bowld(M-s  from  the 
eanyon.  It  is,  in  brief,  a  typical  torrt^ntial  stream.  During  the  winter 
of  1809-l^KX)  it  was  in  floo<l  in  Decemlx?r;  again  in  April,  and  finally 
in  the  last  days  of  June,  but  each  time  the*  volume  diminished  rapidly, 
and  after  twentj'-four  or  twenty-eight  hours  had  dwindled  to  a  very 
small  amount,  fielow  Kaulahuki,  at  an  elevation  of  2,500  feet,  the 
main  canyon  forks — one  branch,  the  Kamiloloa,  heading  between 
Kaulahuki  and  Kaeo,  while  the  other,  the*  Makakupaia,  heads  in  the 
swamps  around  Ilanalilolilo.  Both  of  these  branches  carry  i)erma- 
nent  water.  Kamiloloa  during  the  period  of  examination  carried 
water  from  its  extreme  head  down  to  a  point  3,500  feet  above  the 
junction.  It  is  largely  spring  fed  and  its  p<M'manency  is  attested  by  a 
big  bunch  of  wild  bananas  growing  in  the  canycm  at  an  elevation  of 
3,100  feet.  On  April  2{)  then*  was  at  least  200,000  (0.31  cubic  foot  per 
Becond)  or  300,000  (0.40  cubic  foot  p<»r  se<*ond)  gallons  running.  On 
May  31,  after  three  warm,  brighter  days  following  showery  weather,  a 
flow  of  270,000  gallons  (0.43  cubic  foot  per  s(»cond)  was  measured  at 
an  elevation  of  3,100  feet.  According  to  ai)parently  reliable  accounts 
itdwindles  in  extremely  dry  weather  to  20,000  gallons  (n.03  cubic  foot 
persecond).  The  main  bulk  of  the  water  comes  from  the  Makakupaia 
Fork,  which  is  fed  partly  by  si)rings  but  largely  by  the  water  stored 
in  the  swamps  about  Ilanalih)lilo.  Below  this  ])oint  the  Makakupaia 
forks  again, both  branches  carrying  water,  though  the(»astern  branch 
contains  the  larger  part  of  it.  The  water,  as  in  all  of  the  streams 
heading  in  swampy  ground,  is  of  brownish  color.  The  flow  is  con- 
tinaoos,  even  in  the  driest  season,  but,  as  in  the  case  of  Kamiloloa,  it 
dwindles  to  a  small  amount.  In  the  rainy  se^ison  the  water  runs  for 
*  distance  of  several  thousan<l  feet  below  the  junction,  and  even  in 
Uie  dry  season  it  usually  reaches  the  junction,  accot^Aii^  \»  ^\».\i^- 
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ments  of  Mr.  Theodoiv  Meyer.  Tlie  stream  was  measured  May  31, 
under  normal  conditions,  three  days  of  fair  weather  following  shoir- 
ery  weather,  at  an  elevation  of  2,510  feet.  A  flow  of  450,000  gallons 
(0.70  cubic  foot  i>er  second)  was  obtained. 

Onini  Gulch, — Though  heading  at  3,000  feet  this  gulch  is  ordinarily 
dry  up  to  its  head,  only  flowing  after  heavy  rains. 

Kawela  Gulch, — The  Kawela  drains  a  territorj^  of  al)out  3i  square 
miles.  It  heads  in  the  swamps  near  the  highest  peaks  of  the  island 
and  flows  in  a  narrow  box  canyon  from  100  to  500  feet  deep.  The 
grade  near  the  mouth  is  KX)  feet  per  2,000,  but  in  the  middle  course 
it  increases  to  extremely  sharp  descents,  broken  by  many  [>erpendica- 
lar  falls.  In  its  upper  course  the  grade  is  again  less,  perhaps  averag- 
ing KX)  feet  in  1,000  feet. 

Like  Kaunakakai,  this  is  a  pronounced  torrential  stream,  butitca^ 
ries  considerably  more  water.  During  the  rainy  season  its  flow  very 
frequently  readies  th(»  sea  continuously  for  several  days.  On  an 
average  tlu^  Kawela  is  in  flood  at  least  once  a  month  between  October 
and  June.  Tliere  is  a  great  deal  of  wat^r  under  its  sandy  flood  plain, 
and  the  flow  during  fresliets  is  depended  upon  to  irrigate  the  kuli- 
anas  (small  holdings  of  native  settlers)  near  its  mouth.  The  flood 
does  not  stop  suddenly,  as  in  Meyers  and  Kaunakakai  gulches,  but 
continues  for  several  days.  Tiie  volume  of  water  coming  down  is 
very  large.  On  May  1,  several  days  after  showery  weather,  the 
Kawela,  500  feet  alK)ve  the  forks,  at  an  elevation  of  IGO  feet,  flowed 
at  least  300,0; lO  gallons  {OACy  cubic  foot  per  second),  which  at  an  eleva- 
tion of  100  feet  diminished  to  about  1 00, (K)0  gallons  (0.15  cubic  feet 
per  second).  On  May  28  Kawela  had  l>een  flowing  strong  for  several 
days;  at  an  elevation  of  100  feet  there  was  a  flow  of  3,000,000  gallons 
(4.64  cubic  feet  per  second).  This  gradually  diminished,  and  on  June 
11  the  creek  was  dry  at  the  junction  of  the  forks.  On  June  20  the 
creek  was  in  flood  again  and  continued  so  for  several  days,  the  amount 
on  the  day  mentioned  being  at  least  6,000,000  gallons  (0.28  cubic  feet 
per  second). 

Tlie  Kawela  brandies  three-fourths  of  a  mile  above  its  moutli,  anc 
the  two  canyons  have  a  parallel  course  only  1,000  to  2,000  feet  apart  t^ 
near  tlieir  heads.  Two  miles  above  the  mouth  the  west  fork  receive 
two  tributaries  which,  however,  are  dry  even  during  rainy  season 
The  main  west  fork  lieads  near  Ilanalilolilo  and  carries  a  little  water 
which  rarely  reaches  the  main  juuction.  The  ordinary  wintc»r  flow  i 
continuous  for  2  miles  below  the  head  to  a  point  below  the  high-wate 
fall  at  an  elevation  of  3,000  feet,  which  may  be  observed  fi-om  nea 
Onini  station.  The  flow  was  measured  under  normal,  average  winte 
conditions  at  an  elevation  of  3,350  feet,  where  its  grade  is  compara 
tively  flat,  the  result  being  11H),00(^)  galhms  in  twenty-four  hours  (0.2 
cubic  foot  per  second).  This  little  stream  is  probably  nearly  dry  in  th< 
fall. 
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The  main  or  east  fork  under  average  winter  eonditions  flows  as  far 
down  as  an  elevation  of  1,500  or  2,000  foot.  Uy  far  the  greatest 
volume  of  its  water  is  collocted  from  the  swamps  noar  the*  head, 
and  during  rainy  weather  its  volume  reaches  r),0(K),(M)()  to  7,(K)(),000 
gallons  (7.74:  to  10.83  cubic  feet  per  second).  On  Juno  1,  after  three 
or  four  daj's  of  dr}''  weather  following  showery  woatlu^r,  it  was  meas- 
ured at  an  elevation  of  3,100  feet,  wliero  its  canyon  has  comparatively 
slijcht  graile.  The  flow  was  1,30(),(KX)  gallons  in  tw<Mity-f()ur  hours 
(2.01  cubic  feet  per  second).  On  June  19,  after  thnn^  weeks  of  hot 
and  dry  weather,  it  measured  at  the  same  place  35U,(M)0  gallons  (0.54 
cabicfoot  i)er  second),  at  about  which  figure  the  flow,  according  to  all 
accounts,  remains  constant  during  the  summer,  tliougli  in  exceedingly 
dn'  weather  it  may  dwindle  as  low  as  50,000  gallons  (O.OS  cubic  foot 
per  second). 

Kamalo  Gulch, — This  stream,  together  with  the  two  adjoining 
gulches  to  the  east,  receives  the  drainage  of  the  swamps  of  tlK"*  highest 
mountain  region,  and  in  its  general  characteristic's  is  very  similar  to 
the  Kawela,  though  probably  carrying  a  sonic^what  larger  (luantity  of 
water.  It  usually  flows  at  the  mouth  of  the  gulch  once  or  twice  a 
month.  It  is  located  on  the  proptM-ty  of  ihc^  Kamalo  Sugar  Company, 
who  use  it  to  some  extent  for  irrigation. 

East  of  Kamalo  no  detailed  observations  wore  made.  Hut,  as  stated 
above,  the  rainfall  increases  steadily  in  this  direction,  and  grassy 
slopes  descend  far  toward  the  sea.  Between  this  place  and  Ilalawa  the 
country  is  comparatively  thickly  settled.  Little  flats  are  common 
along  the  shore  and  little  groups  of  cocoa  palms  and  taro  patches 
appear  at  frequent  intervals.  In  this  <listan<*e  then*  an»  several 
streams  similar  to  Kamalo  and  at  least  one  penuanent  water  c(mrse, 
the  Waialua.     The  gulches  are  nuuKM-ous  and  very  closely  spaced. 

WELLS. 

The  fact  that  water  can  1k'  obtained  along  the  (M)ast  by  shallow  wells 
was  recognized  long  ago,  and  irriti:ation  on  a  small  scale  by  means  of 
windmills  has  been  practiced  in  many  ])laces.  Water  for  stock  has 
been  obtained  in  the  same  manner. 

KALUAKOI. 

On  the  western  pai't-  of  the  property  (Kaluakoi)  procipitalion  is 
slight  and  the  supply  of  ground  water  is  accordingly  limited  and  salty 
in  character. 

On  the  north  coast,  nearly  due  north  of  Manna  Loa,  is  located  the 
Momomie  well  and  windmill,  used  for  watering  stock.  Here,  as  at  all 
of  the  other  stock  wells,  the  surplus  water  is  allowed  to  run  ])ack  into 
the  well.  The  depth  is  35  feet,  water  standing  at  about  sea  level  30 
feet  below  the  surface.     The  salinity  is  very  high — 238  grains  per  gal- 
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Ion.  One  mile  eastward  is  an  old  landing  place,  where  two  sm&Ii 
houses  are  still  standing.  A  well  20  feet  deep  was  dug  here,  but  has 
hi'en  allowed  to  cave. 

There  are  no  wells  along  the  coast  west  of  this  until  Papohakn  is 
reached,  at  the  middle  of  the  west  coast.  Several  wells  have  been  dag 
in  the  sandy  plain  which  here  follows  the  coast  for  about  1  mile. 
The  well  and  windmill  which  supplies  the  stock  is  one-half  mile  sonth- 
east  of  Pun  o  Kaiaka;  the  depth  is  40  feet,  the  water  level,  which  is 
equal  to  the  sea  level,  standing  35  feet  below  the  surface.  Thewatei 
has  a  salinity  of  403  grains  to  the  gallon,  thus  closely  approaching  the 
limit  for  drinking  purposes,  even  for  stock.  A  quarter  of  a  mile 
southwest  is  a  smaller  well,  which  probably  stands  at  200  grains  and 
which  is  used  by  the  stock  men  when  stopping  at  Papohaku. 

There  is  no  further  water  until  Kamakaipo,  where,  on  the  little 
plain  adjoining  the  sea,  a  30-foot  well  has  been  dug,  the  water  stand- 
ing iO  feet  below  surface.  This  well  proved  too  salty  for  use.  A 
smaller  well  close  by,  on  the  trail,  is  10  feet  deep  and  contains  a  little 
water  whi(*h  has  about  150  grains  of  salt  per  gallon. 

From  the  light-house  to  Palaau  along  the  coast  fairly  good  water  ie 
much  more  abundant  and  the  four  following  wells  and  windmills  are 
located  here  on  the  sandy  shore.  Alena  well  and  windmill,  1  mile 
southeast  of  Waieli,  depth  10  feet,  salinity  about  likeKolo;  Kolo  well 
and  windmill,  5  miles  farther  east,  7  feet  deep,  salinity  120  grains 
per  gallon  (PI.  II,  A);  Wniakane  well  and  windmill,  south  of  Manna 
Loa,  4  feet  deep,  salinity  150  grains  per  gallon;  loli  well  and  wind- 
mill, near  Palaau,  G  f(»et  de(?p,  salinity  109  grains  per  gallon,  watei 
stands  2  foot  below  surface*. 

PALAAU. 

A  number  of  wells  have  been  bored  near  the  coast  at  Palaau,  all  ol 
them  in  the  vicinity  of  the  proposed  site  of  the  mill  of  the  Amerieai 
Sugar  Company. 

Well  No.  i.— This  is  a  12-inch  well  at  stable  500  feet  south  of  mil 
site,  at  an  elevation  of  22  feet.  It  is  sunk  in  basaltic  lava  to  a  deptl 
of  74  feet,  the  water  standing  at  about  sea  level.  The  water  contaim 
86  grains  of  salt  ix»r  gallon.  The  well  was  pumped  for  four  days  con 
tinuously  at  the  rate  of  750,000  gallons  (1.10  cubic  feet  per  second 
without  change  in  water.  It  8ui)plied  the  camp  with  water  pumpe< 
up  to  a  tank. 

Well  No.  2. — This  is  a  12-inch  well  l)elow  the  railroad  on  wes 
boundary  of  Hoolohua,  at  an  elevation  of  125  ft^et  above  sea  level 
It  was  sunk  in  basaltic  lava  to  a  depth  of  140  feet,  the  water  standing 
at  sea  level.  The  water  containecl  102  grains  of  salt  per  gallon  whei 
fii>jt  struck. 

Wdl  No.  5.— This  well  is  one-fourth  mile  east  of  stable  and  100  fee 
northeast  of  deep  well,  at  an  elevation  of  23  feet.     It  was  sunk  througl 
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isaltic  lava  to  sea  level.  In  bottom  1 2-inch  well  sunk  to  50  feet  below 
la  level;  very  little  water  near  surface.  The  water  contained  86 
■ains  of  salt  per  gallon.  This  well  was  pumped  for  some  time — just 
>wlong  I  was  unable  to  find  out;  probably  two  weeks — at  the  rate  of 
iOjOOO  gallons  a  day  (1.16  cubic  feet  per  second)  without  increasing 
te  salinity. 

Paiaau  deep  \vell. — This  well  is  located  about  one-fourtli  mile  east 
'  stable  at  Palaau,  at  an  elevation  of  22  feet  above  sea  level.  Total 
jpth  when  work  stopped,  May,  1900,  250  feet.  The  surface  forma- 
on  was  basaltic  lava.  At  180  feet  some  red  tuff  was  met;  at  about 
X)  feet  the  rock  was  a  coarse,  open  lava. 

The  first  water,  at  sea  level,  contained  Si)  grains  of  salt  per  gallon; 
:  174  feet  90  grains  were  noted;  at  180  feet  from  surface  the  well 
poke  into  salt  water,  which  continued  until  the  work  was  stopped. 

Well  in  Meyers  Ouhh. — This  is  one  of  the  oldest  wells  bored.  It  is 
Ksated  in  Meyers  Qulch,  one-half  mile  above  tlie  railroad  bridge  and 
mile  east  of  Palaau,  at  an  elevation  of  50  feet  above  sea  level.  The 
>tal  depth  is  126  feet.  Very  little  water,  but  of  fair  quality,  was 
btaiued  at  sea  level;  at  125  feet  the  well  broke  through  into  sea 
rater. 

WeUs  at  mouth  of  Meyers  Qulch. — There  are  shallow  wells  on  the 
evel  plain  at  mouth  of  Meyers  Gnlcli,  at  an  elevation  but  little  above 
lea  level.  Water  stands  2  feet  below  surface.  Water  contained  90 
grains  of  salt  per  gallon. 

NAIWA. 

The  wells  on  this  land  are  located  near  the  moutli  of  a  small  dry 
gulch,  1^  miles  west-northwest  of  the  coeoanut  grove.  At -37  feet 
above  sea  level  a  shaft  10  b^^  10  feet  is  sunk  33  feet  close  by  a  12- 
inch  bore  hole  sunk  to  a  depth  of  70  feet.  Th(»  lirst  water,  which 
stood  at  sea  level,  contained  74  grains  of  salt  i)er  gallon.  Deeper, 
tills  increased  to  90  grains.     There  is  no  record  of  pumping  tests. 

This  locality  was  selected  as  repuinping  station  for  the  high-lift 
pump  intended  to  elevate  the  water  to  the  500-foot  level. 

KALAMAULA. 

On  this  land,  about  1\  miles  northwest  of  Kaunakakai,  are  situated 
the  so-called  coeoanut  grove  wells.  They  are  located  near  the  mouth 
of  a  little  dry  gulch,  2,000  feet  from  the  sea,  and  in  the  northeast  cor- 
ner of  a  fine  field  of  arable  land  which  was  plowed  in  liiOO  and  which  it 
was  intended  should  be  planted  to  cane  to  be  irrigated  from  these  wells. 
Many  good-sized  springs  come  out  on  the  seashore  at  the  coeoanut 
grove;  hence  this  was  probably  considered  a  good  location  for  wells. 

Coeoanut  grove  deep  tvdl. — This  well  is  27  feet  above  sea  level. 
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Total  depth  is  343  feet.     Diameter  is  1 2  inches.     Strata  passed  throng 
are  as  follows: 

Feet. 

Soil 10 

Coral  rock 5 

Hard  lava 25 

Porous  lava _ 75 

Hard  lava 85 

Porous  lava _ .  _ 188 

Water  was  struck  at  sea  level  and  contained  80  grains  of  salt  per 
gallon.  At  150  feet  the  wat^r  conttuned  91  grains,  while  at  160  feet 
the  lK)re  hole  broke  through  into  what  was  practically  sea  water  and 
continued  in  it  the  whole  remaining  distance. 

Cocoanut  grove  ,shalJoiv  well. — About  300  feet  west  of  the  deep  well, 
at  an  elevation  of  20  feet,  is  lociited  another  12-inch  well,  60  feet 
deep.  One  million  gallons  were  pumpe<l  during  twenty-four  hours 
(1.55  cubic  feet  per  second),  the  water  containing  102  grains  per 
gallon. 

Cocoanut  grove  pits. — Beginning  near  the  alwve-mentioned  well  a 
series  of  pits  have  l)een  dug  to  l)olow  sea  level.  An  excavation  about 
200  feet  long  and  15  feet  deep  has  Ix^en  made,  and  in  the  Iwttom  of 
this  10  wells,  8  by  S  feet,  have  been  dug  to  a  depth  of  10  feet,  though 
some  of  them  are  not  yet  completed.  While  there  seems  to  be  a  con- 
siderable quantity  of  water,  no  pumping  tests  have  been  made,  the 
discouraging  featuiv  being  that  the  water  coming  in  ranged  from  102 
to  104  grains  per  gallon. 

KAUNAKAKAT. 

A  number  of  wells  have  been  l)ored  at  or  near  the  mouth  of  Kauna- 
kakai  (luleh.  Before  \ho  advent  of  the  American  Sugar  Company 
there  were  at  the  mouth  of  the  canyon  several  shallow  wells  on  the 
properly,  on  one  or  two  of  which  windmills  were  erected.  Water  of 
a  salinity  of  about  35  grains  was  obtained  in  sufficient  quantities  for 
the  local  needs  of  the  small  kulianas  at  slight  depths,  about  equal  to 
sea  level.  When  undisturbed  for  some  time  the  water  from  the  upper 
part  of  the  ground-water  sheet  contained  only  12  grains  of  salt  per 
gallon.  A  well  at  the  Japanese*  hospital  at  the  foot  of  the  lava  bluff, 
1,000  fe<*t  west  of  the  cane-field  wells,  was  sunk  to  sea  level,  yielding 
water  which  contained  74  grains  of  salt  per  gallon. 

The  deeper  wells  bored  by  the  American  Sugar  Company  are  as 
follows : 

Cane-field  wells, — Two  wells  have  been  sunk  in  the  cane  field  from 
which  during  the  year  the  SO  acres  of  cane  at  Kaunakakai  have  l>eea 
irrigated.  These  wells  are  situated  on  the  west  side  of  the  gulch  at 
an  elevation  of  22  feet,  have  a  depth  of  <W)rt  and  75  feet,  and  are  40 
feet  apart.     Both  have  a  diameter  of  12  inches.     Water  level  was 
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cached  after  penetrating  22  feet  of  gravel  and  soil,  the  rest  of  the 
ells  Ijeing  bored  in  basaltic  lava  of  varying  hardnetw.  Only  the  00- 
x)t  well  is  being  pumped.  A  supply  of  1,()(K),(KK)  gallons  por  twenty- 
)ur  hours  (1.55  cubic  feet  per  second)  has  been  steadily  obUiined 
rom  it  for  over  one  year  without  increase  in  salinity,  which  is  from 
6  to  06  grains.  A  sample  taken  May  4  conUiined  H4  grains.  In  the 
amnier  of  1899,  however,  the  water  was  somewhat  less  salt}'  than  in 
OOO,  for  I  find  a  record  of  July  10,  1890,  showing  that  after  two  days 
)f  pumping  from  the  first  well  (No.  1)  the  water  contained  OH  to  70 
grains  of  salt  per  gallon.  When  the  centrifugal  pumj),  which  now 
luses  the  water  from  the  60-foot  well  to  an  elevation  of  40  feet,  was 
eonnected  with  both  wells  the  salinity  increased  to  over  100  grains, 
showing  that  the  deeper  well  had  tapped  some  s^ilty  water. 

The  settlement  trdl. — This  is  the  most  southerly  of  the  long  row  of 
wells  on  the  east  side  of  the  gulch.  'I'he  elevation  of  tlu^  ground  is  25 
feet  The  12-inch  well  is  60  feet  deep.  The  strata  penetrate<l  are 
largely  soil,  gravel,  and  soft  lava,  and  tlu»re  is,  indeed,  some  doubt 
whether  the  bed  rock  was  actually  reache<l.  A  snmll  pump  elevates 
tke  water  from  this  well  to  a  tank  from  which  the  settlement  is  sup- 
plied. The  well  has  yielded  al)out  2(X),000  gallons  a  day  (0.31  cubic 
foot  per  second)  continuously.  The  water  contains  from  50  to  86 
grains  of  salt  per  gallon.  A  sample  on  May  4  gave  h;3  gains;  on  June 
11,  80  grains. 

The  three  upper  wells. — These  are  located  on  the  w(»st  side  of  the 
gulch,  1,000  feet  above  the  main  pumping  station  and  at  elevations 
of  50, 60,  and  63  feet.  The  depth  of  all  of  them  is  about  60  feet,  water 
standing  at  sea  level  and  containing  74  grains  of  salt  p(M-  gallon. 
Except  for  a  few  feet  of  soil  tin?  wells  are  in  lava  of  varying  hardness. 
These  wells  have  not  l)een  tested  at  all  as  to  their  capacity,  as  their 
high  salinity  seemed  discouraging. 

The  deep  well, — This  well  is  the  most  northerly  of  tin*  long  row  near 
tiie  main  pumping  station.  It  has  a  diameter  of  \'l  indues.  The  total 
depth  at  end  of  May,  when  discontinued,  was  500  feet .  The*  mouth  has 
an  elevation  of  35  feet.  Below  15  feet  of  gravel  followed  25  feet  of 
hard  lava,  below  which  porous,  ashy,  and  caving  lava  was  met  down 
to  110  feet;  from  here  to  150  feet  followed  hard  lava,  and  t h<*n  a  porous 
Rtratum  down  to  250  feet.  Below  250  feet  hard  and  soft  lava  alter- 
nate, no  special  record  being  kept.  Tln'  first  water  at  seji  level  con- 
tained 50  grains  of  salt  per  gallon;  at  UJO  feet  the  well  i)r()k(»  into  salt 
water,  which  continued  until  the  work  was  stopped. 

The  12  wells  for  main  puinpintj  sfation. — All  of  these  are  arranged 
in  a  row  parallel  to  the  bluff,  and  well  No.  7,  counted  from  south  to 
north,  has  an  elevation  of  31  feet  above  mean  sea  level;  from  this 
elevation  the  other  wells  differ  but  little.  All  of  the  wells  are  (>0  feet 
'ieep,  except  No.  13,  which  was  known  as  the  '*  donkey-engine  well," 
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and  which  is  75  feet.  As  in  all  of  the  wells  bored,  the  absence 
Uetailed  and  reliable  recor<l  is  noticeable.  Wells  Nos.  7  to  13  rea 
bed  rock  at  a  distance  of  from  15  to  26  feet,  indicating  a  decided  ( 
southward.  Below  this  only  lava  was  met  with,  the  hardness  ch 
ing  every  15  or  20  feet.  In  wells  Nos.  2  to  6,  inolosive,  the  bed 
was  deeper,  26  feet  below  surface  or  more,  and  it  is  vaguely  si 
that  every  well  showed  a  different  record.  In  all  wells  the  watei 
found  at  about  sea  level  or,  at  most,  1  foot  above  it.  The  waters 
first  struck  contained  from  20  to  40  grains  of  salt  per  gallon.  M 
Nos.  1  to  12  were  tested  by  pumping  at  the  rate  of  300,000  or  40( 
gallons  in  twenty-four  hours  (0.46  to  0.6184  cubic  foot  per  second) 
each  for  a  few  hours,  the  maximum  salinity  being  40  grains.  < 
No.  13  was  tested  somewhat  moi'e  severely,  being  pumped  four 
at  the  rate  of  from  500,0(X)  to  750,000  gallons  per  twenty-four  h 
(0.77  to  1.16  cubic  feet  per  second).  April  5, 1899,  a  sample  from 
well  c(mtained  11.5  grains  of  salt  per  gallon.  Pumping  at  the  i 
tioned  rate  from  May  10  to  13  increased  the  salinity  rapidly  t 
grains,  and  the  last  day  it  reached  83  grains. 

After  the  c^rection  of  the  10,000,0(K)-gallon  (15.47  cubic  feet  per 
ond)  steam  pump  to  draw  from  wells  Nos.  2  to  13,  inclusive,  the  pi 
ing  began  in  January,  1000.  According  to  Mr.  D.  Center,  at 
beginning  of  the  pumping  the  water  contained  50  grains  of  salt 
gallon.  The  pumps  were  started  at  2,500,000  gallons  (3.87  cubic 
jyev  second),  and  after  one  week  the  salt  had  increased  to  110  gi 
per  gallon.  After  one  month  it  had  reached  200  grains  and  in  M 
400  grains,  though  when  it  went  up  to  the  latter  figure  both  pt 
were  running  at  a  total  rate  of  5,000,000  gallons  (7.74  cubic 
per  second).  Accoi'ding  to  Mr.  Boiler,  the  engineer  in  charge 
quantities  drawn  were  larger  and  for  a  considerable  time  vf 
between  4,000,000  and  5,000, 0(M)  gallons  (6.19  and  7.74  cubic  feet 
second). 

When  it  became  clear  that  continuecl  pumping  would  not  brii 
fresh  water  a  series  of  tests  were  made  to  find  out,  if  possible,  : 
which  wells  the  salt  water  came,  but  the  result  seemed  to  ind: 
that  it  was  derived  from  all  of  them.  Wells  Nos.  2  to  6  seeme 
contain  better  water  than  the  others,  the  salt  amounting  to  only  a 
150  grains  per  gallon.  The  quantity  of  water  was,  however,  si 
and  these  wells  were  easil}'  pumped  dry.  In  whatever  way  the  c 
wells  were  arranged  the  water  reached  from  270  to  485  grains. 

During  heavy  pumping  from  wells  Nos.  7  to  13  their  water  ! 
was  lowered  1.5  or,  at  most,  2  feet. 

Risdon  wdls, — These  wells,  so  called  because  of  the  intentio 
erect  a  20,000, 000-gallon  (30.94  cubic  feet  per  second)  Risdon  p 
on  them,  are  located  just  1  mile  east-southeast  of  the  Kaunak 
wells  described  above,  at  the  eastern  end  of  the  cane  fields.     T 
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venty  12-inch  wells  40  feet  apart,  located  in  three  rows,  which  are 
to  feet  ax>art  with  a  northeast  direction  parallel  to  the  dry  creek 
the  mouth  of  which  they  are  placed.  They  are  bored  at  the  foot 
low,  rocky  bluff,  at  th^  foot  of  which,  1,0(X)  feet  south  of  the 
,  a  strong  spring  appears.  The  most  southerly  well  has  a  sur- 
elevation  of  28  feet,  and  a  shaft  is  sunk  from  the  surf>i(*e  to  a 
1  of  20  feet,  the  well  being  bored  40  feet  below  tlie  bottom  of  the 
Well  and  shaft*  penetrated  10  feet  of  soil,  2  feet  of  bowldei's, 
et  of  bard  lava,  23  feet  of  porous  lava,  l)elow  which  again  comes 
lava.  All  of  the  other  wells  have  similar  records.  Salinity,  70 
is;  water  level,  1  foot  above  sea  level.  The  most  southerl}^  well 
pumped  forty-eight  hours  at  the  rate  of  750,000  gallons  (1.16 
c  feet  per  second),  after  which  the  water  contained  68  grains  of 
per  gallon  and  the  water  level  was  lowered  2  feet. 
le  other  wells  were  tested  by  pumping  with  the  deep-well  pump 
le  rate  of  300,000  gallons  (0.46  cubic  foot  per  second),  but  only 
ft  short  time.     Maximum  amount  of  salt,  74  grains  per  gallon. 

KAWELA. 

letween  the  Risdon  wells  and  Onini  station  but  little  f  resli  water 
)ear8  on  the  coast,  but  from  the  latter  point  to  Kawela  the  indi- 
ions  favor  a  larger  supply.  On  the  sandy  flood  plain  of  the 
wela  the  kulianas  find  all  the  water  needed  in  shallow  wells,  the 
el  standing  6  inches  above  sea  level.  The  water  contains  3  grains 
salt  per  gallon.  During  floods  in  the  Kawela  the  ground  water 
nds  1  or  2  feet  higher  than  usual. 

Jp  to  June,  1900,  9  wells  of  an  average  depth  of  55  feet  had  been 
red  at  Kawela,  all  of  them  along  the  foot  of  the  lava  slope  from 

00  to  4,000  feet  east  of  the  creek.  A  number  of  kulinuas  or  small 
Idings,  usually  owned  by  natives,  are  located  on  the  sandy  plain  of 
.wela  and  extend  nearly  up  to  the  foot  of  the  bluff. 

fFeU  No.  1, — This  14-inch  well,  started  12  feet  above  mean  sea  level, 
16  feet  deep.  The  well  passed  through  the  following  strata:  Soil,  4 
it;  hard  lava,  10  feet;  soft  porous  lava,  34  feet;  hard  lava  at  bottom. 
jood  stream  of  water  was  met  at  14  feet  from  surface.  Water  level 
mds  10  feet  9  inches  below  surface,  giving  the  water  level  an  eleva- 
n  of  1  foot  3  inches  above  sea  level.  Water  contains  15  grains  of 
it  per  gallon.  Pumped  at  rate  of  1,000,000  gallons  in  twenty-four 
QPS  for  twelve  hours  (1.55  cubic  feet  per  sc^cond),  the  amount  of  salt 
le  to  25  grains.     Subsequently,  at  the  same  time  as  the  heavy  pump- 

1  took  place  on  well  No.  3,  this  well  was  pumped  for  three  weeks  at 
)rate  of  1,250,000  gallons  in  twenty-four  hours  (1.93  cubic  feet  per 
!ond),  the  amount  of  salt  rising  to  only  37  grains. 

WtU  No.  2. — This  14-inch  well  is  40  feet  east  of  No.  1,  at  an  eleva- 
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tion  of  12  feet  above  mean  sea  level.  It  is  50  feet  deep,  and  pasafli 
through  the  same  rock  as  No.  1,  except  that  bed  rock  is  at  the  surfaott 
Water  was  struck  10  feet  below  surface,  and  the  level  raised  to  1  fool 
below  surface  (the  only  instance  thus  far  noted  of  artesian  pressured 
On  further  boring,  however,  the  water  level  sank  to  about  2  feet  abofil 
sea  level,  showing  that  some  very  porous  strata  had  been  encoun 
tered.  Water  contained  18  grains  of  salt  per  gallon.  Pumped  fl 
rate  of  1,000,000  gallons  in  twenty-four  hours  for  twelve  hours  (1.8| 
cubic  feet  per  second),  highest  amount  of  salt  was  25  grains  per 
gallon. 

Well  No.  ^.— This  U-inch  well  is  40  feet  east  of  No.  2,  at  a  surfae^ 
elevation  of  11  feet.  The  well  is  56  feet  deep  and  passes  through  S« 
foot  soil,  a  few  feet  of  porous  lava,  and  then  pretty  solid  lava  until  ^ 
feet  alK)ve  bottom,  when  a  porous  stratum  was  met.  Water  was  strodle 
5  feet  below  surface,  but  at  46  feet  depth  it  was  easily  pumped  dif 
at  rate  of  1,000,000  gallons  per  24  hours  (1.55  cubic  feet  per  second)^ 
The  well  was  then  sunk  10  feet  farther,  when  a  large  flow  of  water  wai 
encountered.  This  single  well  was  pumped  for  thirty  days,  Maroi 
1-30,  1000,  at  rate  of  2,500,000  gallons  (3.87  cubic  feet  per  second). 
The  water  level  was  lowered  8  feet  and  the  salinity  rose  as  follows: 

Amount  of  salt  in  well  No,  3, 

Grains  per  galloau 

March  2 _..  19 

March? -. 83 

March  16 _. 32 

March  20 42 

March24 55 

March  28 62 

March30-- - .64 

On  May  16  the  water  level  stood  8  feet  1)  inches  below  surface  oi 
ground,  or  2  feet  3  inches  above  sea  level. 

Well  No.  4— This  14-inch  wefl  is  1,080  feet  east  of  No.  3,  at  an  alti- 
tude 17  feet  above  sea  level.  It  is  58  feet  deep  and  passes  throagh 
the  following  strata:  Soil  and  gravel  4  to  5  feet,  hard  lava  to  17  feet 
below  surface,  where  a  heavy  stream  of  water  was  encountered  and 
the  water  level  raised  to  13  feet  below  the  surface;  then  followed  a 
soft  streak  for  12  to  14  feet,  and  hard  lava  was  again  encountered  in 
the  bottom  of  the  hole. 

After  short  pumping  with  centrifugal  pump  it  was  decided  to  open 
the  water-bearing  stratum  met  17  feet  below  the  surface. 

A  pit  was  excavated  about  12  by  24  feet,  the  longer  side  being  paral- 
lel to  the  coast.  The  western  half  was  sunk  to  8+  feet  below  the  sur- 
face, and  a  double-action  two-cylinder  14  by  15  by  10  Worthington 
pump  (strokes  86  per  minute)  was  placed  at  this  level.  The  eastern 
half  of  the  pit  was  sunk  deeper.     On  ]VIay  10  it  had  penetrated  15  feet 
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rfhimlbut  porous  and  open  lava  agglomerate.  The  water  level  stood 
14 feet  below  the  surface  while  pumping  at  the  rate  of  2,50i),(KK)  gal- 
Imi8(3.87  cubic  feet  per  second).  The  water  level  in  llio  (loep-bon» 
;MeNo.  4,  situated  in  the  middle  of  the  western  end  line  of  the  pit, 
yml  foot  lower.  On  May  10  the  water  from  pump  contained  37.5  to 
;40 grains  of  salt  per  gallon.  Pumping  began  May  s  at  \)  a.  m.  and 
tODtinued  w^ith  some  intenuissions  to  June  25,  when  the  pumps  were 
^oved  to  well  No.  6. 

On  May  16  the  pit  was  down  to  KJ  f(^et  from  surfaces  whiU^  the  water 
itood  14  feet  l)elow,  and  work  was  be(*oming  difficult.     Pumping  at 
Ae  same  rate  was  continued,  the  water  containing  40  grains  of  salt 
^lergallon.     The  wat4*r  could  not  be  handled  with  the  Worthington 
pump,  so  a  small  centrifugal  pump  was  added.     On  May  28  both  wen* 
:nuining  with  a  total  capacity  of  3,500,000  gallons  (5.42  cubic  feet  per 
:ttGond).     Water  coming  into  the   big  pit  on  northeast  side  5  feet 
hAow  sea  level  contained  20.5  grains  of  salt  i)cr  gallon,  while  the  dis- 
!4ti^e  from  the  main  pipe  ran  40.4  grains,  but  contained  up  to  00  or 
'TO grains  aft^r  some  hours  of  continuous  pumping. 
i    In  the  first  days  of  June  a  2,00(),(K)o  gallon  (3.40  cubic  feet  i)er  sec- 
'  ond)  centrifugal  pump  was  substituted  for  the  smaller  one  and  total 
;  rate  of  pumping  increased  to  4,000,0()()  or  4,500,000  gallons  (0.10  to 
S.lMJeiibic  feet  per  second).     The  water  was  discharged  into  a  flume 
I  »Dd  was  conveyed  to  the  pond  near  the  eastern  boundary  of  Kawela. 
:  Tpto  the  end  of  May  the  20-inch  suction  pipe  had  lieen  allowed  to 
lemain  in  the  bore  hole  drawing  up  salty  water  all  the  time,  but  then 
i  this  pipe  was  first  shortened  and  finally  placed  in  the  bottom  of  the  pit. 
The  total  depth  of  the  pit  from  surface  of  ui)per  (north)  side  is  18.V  feet. 
Tunnels  were  now  started  from  the  northeast  and  southwest  corners 
of  the  pit.     On  June  8,  2  p.  m.,  i)umping  4,()0(),0()0  gallons  continu- 
oosly,  the  water  in  the  northeast  tunnel  lan  40  grains  of  salt  per  gal- 
lon, while  the  water  in  the  flume  contained  0()  grains.     On  June  11, 
pomping  continued  as  before,  keeping  water  within  10  feet  of  bottom, 
the  heavy  stream  of  water  from  northeast  tunnel  ran  35  grains  of  salt 
per  gallon.     Another  heavy  flow,  pouring  from  the  well  hole,  con- 
tained 78  grains.     The  water  in  the  main  discharge  flume  c(mtained 
W  grains;  later  in  the  day  82  grains.     A  ])ig  stream  of  salty  water 
also  poured  out   1^  feet   above   bottom  of   pit  in  southeast,  corner; 
a  less  amount  of  same  on  south  side  of  northeast  tunnel  but  only 
at  its  mouth,  and  still  another  smaller  flow  near  southwest  corner 
of  pit.      It  had  now  become  apparent  that  salt  water  came  in  from 
the  bore  hole  and  from  the  south  side  of  the  pit  near  the  bottom.     A 
futile  att-empt  was  made  to  check  the  flow  from  the   bore  hole  by 
piling  bags  filled  with  eailh  around  it.     A  week  later  the  well  hole 
was  filled  with  cement,  but  only  to  a  depth  of  20  feet  below  the  bot- 
tom of  the  pit,  total  depth  below  it  being  40  feet.     The  pumping  was 
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continued  at  same  rate  and  the  water  contained  the  amount  of  i 
indicated  in  the  following  table: 

Amount  of  salt  in  %cater  from  No.  4  well. 
[OraiiiH  per  gallon.] 


Date. 


North-      South- 
east west 
tnimel.      tnimel. 


Jiinel2 

13 

14— 9  a.  m... 

12 noon  ... 
15— 2p.m 

4p.  m 

19« 

20—12  noon  * . . 

4  p.  m 

21'-.... 

22 — 9  a.  m  ^ 

4  p.  m 

23—9  a.  m 

4  p.  m 

24'' 

25' 


39 
48 
48 
51 
57 


Flame. 


8oatli> 
ea0fe 
I    lloir. 


27 


52 


120 
198 


W 


'.'L 


56 


45 


65 
65 


I    4» 

127  ... 
125  1... 

150  i  m 


52 

65  • 
49  I 
52  I 

57  I 

I 


68  i 
48 
60 
37 

32 


110 
150 
111 
142 


m 


n  Puxnpinf?  Htoppod  for  two  dayn.  <*  Juno  21  abont  .same  as  Jane  20. 

t>  Running  day  time  only.  'i  No  pumping. 

♦*  Irregular  pumping. 

All  tunnel  samples  were  taken  at  face. 

On  this  day  the  tunnel  had  advanced  33  feet  from  the  pit.  The  rock, 
which  had  been  porous  and  soft,  was  becoming  hard  at  face,  and  much 
water  was  coming  in  from  the  roof.  The  southwest  tunnel  had 
advanced  23  feet  in  porous  rock,  but  the  same  was  becoming  hard,  a 
good  stream  of  water  coming  in  fi*om  the  floor. 

An  analysis  of  above  data  shows  that  the  two  tunnels  furnished 
from  2,250,000  to  2,500,000  gallons  (3.48  to  3.87  cubic  feet  per  second) 
of  water,  containing  on  the  average  50  grains  of  salt  per  gallon,  while 
the  southeast  flow  and  the  bore  hole  furnished  from  2,000,000  to 
2,250,000  gallons  (3.10  to  3.48  cubic  feet  per  second),  containing  from 
200  to  400  grains  of  salt  per  gallon.  Practically  all  of  the  salt  water 
comes  from  these  two  sources.  The  rapid  increase  in  salinity  from 
the  southeast  flow  and  the  bore  hole  shows  that  there  are  leaks  in  the 
rocks  at  these  points  in  almost  direct  connection  with  the  sca  water, 
while  the  other  parts  of  the  pit  had  no  such  connections.  It  might 
well  have  been  possible  to  isolate  these  sources  of  contamination. 

Wdl  No.  5.— This  14-inch  well  is  located  226  feet  east  of  No.  4,  and 
is  75  feet  deep.  It  passed  through  the  following  strata:  Soil  3  feet, 
hard  lava  to  29  feet  from  surface,  soft  red  lava  tuff  to  47  feet  from 
surface,  hard  lava  to  70  feet  from  surface,  soft  again  from  70  to  75 
feet.  The  water  stood  9^  feet  below  the  surface,  or  2^  feet  above  sea 
level.  On  May  16  I  measured  water  level  to  9  feet  1^  inches  below 
surface.  Salinity,  35  grains.  Pumped  with  centrifugal  pump  at  rato 
of  7^,000  gallons  (1.16  cubic  feet  per  second'j  Ma^  ^  «^^  \Q>\s\ifc  u<ik 
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ontinuously.  On  pumping  the  level  immediately  fell  2  feet  3  inches, 
lighest  salinity,  35  grains. 

WeU  No.  6. — This  li-inch  well  Is  located  255  feet  west  of  well  No.  4 
uid  is  60  feet  deep.  It  passed  through  the  following  strata:  Soil  and 
,TOvel  with  bowlders,  40  feet,  remainder  lava,  in  part  soft.  Water 
contains  25  grains  of  salt  per  gallon.  Was  pumped  two  days  with 
fell  pump  (capacity,  300,000  gallons,  or  0.4G  cubic  foot  per  second). 
Na,teT  stands  normally  15  feet  6  inches  below  surface.  Pumped  also 
ntermittently  from  June  11  to  June  16  at  rate  of  from  500,000  to 
150,000  gallons  (0.77  to  1.32  cubic  feet  per  second),  the  water  level 
ally  being  lowered  3  to  4  inches.  On  June  16  the  water  contained 
\l  grains  of  salt. 

Wett  No.  7.— This  14-inch  well  is  located  240  feet  west  of  No.  6,  and 
8  59  feet  deei).  It  passed  through  soil  and  gravel  30  to  35  feet,  below 
his  lava  of  varying  hardness.  There  were  no  pumping  tests  up  to 
une  30  on  account  of  lack  of  available  pumps. 

WeU  No.  8. — This  14'inch  well  is  240  feet  west  of  No.  7  and  has  a 
otal  depth  of  58  feet.     There  have  been  no  pumping  testa. 

Well  No.  P.— This  14-inch  well  is  105  feet  west  of  No.  1,  at  an  ele- 
ation  of  20  feet.  Down  to  some  feet  below  water  level  hard  lava 
revails.  The  well  was  not  finished  by  end  of  June.  There  are  no 
pecial  tests  of  water  from  the  last  thi-ee  wells,  but  the  amount  of  salt 
inges  from  about  25  to  35  grains  per  gallon. 

On  the  west  side  of  Kawebi  Gulch  a  shaft  was  sunk  at  an  elevation 
f  30  feet  in  a  small  side  gully.  Water  containing  only  3  grains  of 
lit  per  gallon  was  found  somewhat  above  sea  level.  The  water  came 
I  too  fast  for  bailing,  but  no  pumps  being  available  nothing  further 
as  done  at  this  locality. 

Other  wells. — Since  the  middle  of  May,  1000,  a  series  of  six  shafts 
►  by  6  feet)  have  been  sunk  to  sea  level  between  the  wells,  but  no 
amping  has  been  done  on  these.  It  was  proposed  to  extend  a  tunnel 
om  well  No.  4  to  well  No.  1,  a  little  below  sea  level;  this  tunnel  was 
•  grade  toward  No.  1,  where  a  central  pumping  station  was  to  be 
cated,  and  was  to  collect  the  upper  stratum  of  the  ground  water,  to 
hich  that  from  the  deeper  strata  down  to  GO  feet  was  to  b(^  added  by 
imping  from  the  wells.  As  it  was  shown,  however,  that  tunneling 
ader  existing  circumstances  was  quite  diflir»ult  at  well  No.  4,  it  was 
tended  at  the  time  of  my  departure  from  Molokai  to  substitute  an 
)en  cut  and  trench  for  the  tunnel. 

THEORETICAL  AMOUNT  OF  WATER  AVAILABLE. 

The  rain  falling  on  the  island  is  disposed  of  in  the  three  following 
fcys:  One  relatively  small  part  is  evaporated  from  soil  and  from 
ants.  A  second  and  large  part  is  absorbed  by  the  soil  and,  con- 
niiaUy  moving,  sinks  down  to  the  surface  of  permanent  saturation, 
hich  8loi>es  gently  seaward;  all  of  this  water  ftuda  \\a  Ni^^i^  \Ai  VXikfe 
'ore  and  must  emerge  from  the  rocks  at  or  about»  sea  \«v^\,     k  >3k«^ 
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part  runs  off  in  the  living  streams.  On  the  nort.h  coast  and  in  the  sum- 
mit region  this  amount  reaches  at  least  one-half  of  total  rainfall,  for '  i 
the  ground  here  contains  much  water  and  only  slowly  absorbs  mow.  ii 
Over  the  south  slope  the  run-off  is  very  small,  for  the  living  streams 
are  here  largely  absorbed  before  reaching  the  sea.  The  run-off  of 
the  total  south  slope  is  probably  only  30  per  cent  of  the  total  rainfall 
It  is  greater  at  Kawela  than  at  Kaunakakai. 

Absolute  data  can  not  be  obtaine<l  on  account  of  lack  of  informft*  ii 
tion  as  to  rainfall;  but,  taking  all  conditions  known  on  this  and  adja*  h 
cent  islands,  the  following  approximate  calculation  may  be  made: 

Total  area  of  south  slope  from  Meyers  Creek  to  east  boundary  of 
Kawda  is  54  square  miles;  average  rainfall  over  this  area  is  4  feet 
per  year;  total  annual  rainfall  over  this  area,  (>,  048,000, 000  cubic  feet,  fc 
or  45,358,(KK),0(M)  gallons,  or  12i5,00O,00O  gallons  per  twenty-four  hoars 
(104.95  cubic  feet  per  second);  evaporation,  26,000,000  to  36,O(X),000 
gallons  (40.23  to  55.70  cubic  feet  per  second);  run  off,  20,000,000 to 
30,000,(KX)  gallons  (30.04  to  40.42  cubic  feet  per  second);  ground 
water,  C(),000,()00  to  80,00i),i)(M)  galhms  (92.83  to  123.78  cubic  feet  per 
second).  Of  this  amount  it  was  proposed  to  secure  nearly  one-half, 
or  30,000,000  gallons  (4r).42  cubic  feet  p(»r  second),  at  one  place  near  i 
Kaunakakai,  which  clearly  would  be  impossible. 

The  ground  water  availa]>le  from  one-half  mile  west  to  1  mile 
east  of  Kaunakakai  and  from  the  coast  to  the  summit,  including  the 
drainage  of  Kaunakakai  and  small  gulches  to  the  east,  may  be  roughly 
calculated  as  follows : 

Area,  36,0(K)  by  12,000  feet;  average  rainfall  over  whole  area,  4 
feet;  total  amount  of  water,  1,728,000,000  cubic  feet,  or  13,000,(XK),0(K) 
gallons  per  year,  or  3(),0()0,(K)0  gallons  in  twenty-four  hours  (55.70 
cubic  feet  per  second);  evaporation,  8,(K)0,000  to  12,(K)0,(X)0  gallons 
(12.38  to  18.57  cubic  feet  per  second);  run  off,  5,000,000  to  10,000,000 
gallons  (7.74  to  15.47  cubic  feet  per  >jecond);  available  for  ground- 
water circulation,  14,(K)0,0<)0  to  23,000,000  gallons  in  24  hours  (21.66 
to  35.59  cubic  feet  per  second),  which  amount  must  emerge  along  the 
coast.  It  is  thus  seen  tluit  a  considerable  amount  of  water  is  avail- 
able, though  it  is  probably  distributed  pretty  evenly  over  the  distance, 
and  its  long  passage  through  the  rocks  has  rendered  it  salty.  The 
fact  that  for  a  whole  year  1,000,000  gallons  (1.55  cubic  feet  per  second) 
has  been  pumped  from  the  cane-field  well  goes  to  prove  that  there 
must  be  a  fair  amount  available  along  the  coast. 

A  considerable  amount  of  ground  water  is  available  at  Kawela 
Gulch.  Assuming  a  drainage  area  of  24,000  by  12^000  feet  for  the 
Kawela  proi>erty  and  an  average  rainfall  of  5  feet,  for  the  rainfall  is 
decidedly  more  than  over  the  Kaunakakai  drainage  area,  we  obtain 
1,440,000,0(X)  cubic  feet,  or  10,800,000,000  gallons  a  year,  or  30,000,000 
gallons  a  day  (4(5.42  cubic  feet  per  second).  Assuming  6,000,000 
to  10,000,000  gallons  (9.28  to  15.47  cubic  feet  per  second)  evapora- 
tioD,  4,000,000  (6.19  cubic  feet  per  second')  t\xiv  o«.,  \^,QQ^,QOO  to 
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20,000,000  (24.76  to  30.94  cubic  feet  per  second)  remain  for  the  ground 
water  that  may  be  considered  available  near  Kawela  Gulch.  While 
the  total  supply  is  not  much  larger  than  at  Kaunakakai  it  is  more 
concentrated  and  the  water  is  less  saline,  the  normal  flow  averaging 
about  35  grains,  the  flood  water  on  top  sometimes  going  as  low  as 
3  grains. 

These  calculations  of  the  relative  ciuantities  at  Kaunakakai  and 
Kawela  may  not  quite  express  the  actual  conditions,  for  from  the  geo- 
logic structure  it  seems  very  probable  that  a  large  part  of  the  ground 
TOter  from  the  headwaters  of  Kaunakakai  (4ulch  finds  its  way  down 
x> Kawela,  thus  considerably  increasing  the  amount  available  there. 

The  ground  water  probably  available  at  Kamalo  may  be  roughly 
^timated  as  follows: 

Assuming  a  drainage  area  of  20,000  by  1(),(MK)  feet  and  an  average 
precipitation  of  5  feet,  we  obtain  a  total  of  7,50(),()()(),(KK)  gallons  a 
fear  or  21,(XX),(X)0  gallons  a  day  (32.49  cubic  feet  p(M-  second),  of 
which  the  larger  part,  i)erhaps  12,0()0,(K)()  or  15,(KK),()0()  (18.57  to  23.21 
cubic  feet  ^r  second),  should  Im  available  at  or  near  the  mouth  of  the 
Riches.  Several  more  favorable  locations  may  be  selected  between 
Kamalo  and  Mapulehu  which  should  aggregate  1(),000,(KX)  gallons 
(15.47  cubic  feet  per  second). 

Considering  now  the  high  region  above  with  a  view  to  ascertaining 
how  much  water  may  be  available  for  an  irrigation  system  collecting 
the  run-off  of  the  area  from  the  head  of  Kawela  to  Waihanau,  we  may 
approximately  calculate  as  follows: 

Total  area  involved,  32,000  by  4,000  feet;  average  rainfall,  approxi- 
mately, 8  feet;  total  amount  of  water,  1,024  cubic  feet  or  7,680,000,000 
gallons  a  year,  equivalent  to  21,300,000  gallons  a  day  (32.90  cubic  feet 
per  second).  The  run-off,  which  is  here  at  least  50  per  cent  of  total 
precipitation,  would  bc>  10,500,000  gallons  (16.25  cubic  feet  per  second). 

The  drainage  area  of  the  upper  Waihanau  is  10,000  by  2,500  feet, 
)ver  which  a  rainfall  of  8  feet  may  be  expected.  Total  water,  200,- 
X)0,OOO  cubic  feet,  or  1,500,000  gallons  per  annum;  it  is  proposed  to 
collect  the  entire  run-off  of  this;  the  amount  estimated  by  stream 
oaeasurements  is  710,000,0(X),  which  is  a  little  less  than  half  of  the 
^otal  precipitation. 

UTILIZATION  OF  THE  WATER  SUPPLY. 

The  principal  problem  on  Molokai  is  how  to  obtain  water  for  irri- 
Wion  of  the  14,000  acr(\s  of  d(H»p  soil  situated  in  the  great  gap. 
Mother  problem  is  how  to  ol)tain  water  for  the  irrigation  of  the 
*^ller  coast  flats  occurring  at  intervals  from  Pala;iu  to  Mapulehu. 

According  to  the  ordinary  estimates  of  sugar  planters,  1,000,000 
gallons  per  twenty-four  hours  (1.55  cubic  feet  per  second)  are  needed 
^  irrigate  100  acres  of  sugar  cane.     In  the  opinion  of  many  this  is 
^much,  but  at  that  rate  14,000  acres  would  uecftaa\\AX^\V^,^^R^^^^f^ 
ISB  77—03 i 
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gallons  per  twenty-four  hours  (216.61  cubic  feet  per  second).    Assum- 
ing 1,000  acres  of  coast  flat«,  10,000,000  gallons  (15.47  cubic  feet  per 
second)  more  would  l)e  needed.     It  is  evident  that  such  an  amount  of 
water  is  not  available  on  the  island.     A  certain  amount  of  water  can, 
however,  l)e  obtained  and  it  is  of  interest  and  importance  to  attempt 
to  estimate  this  quantity.     Sooner  or  later  the  welfare  of  the  island 
may  demand  that  all  possible  resources  be  made  available.     First  of 
all,  the  running  water  at  high  elevations  must  be  considered.    In  a 
few  places,  as  at  Kamalo,  this  water  is  carried  down  in  steep-grade 
ditches  to  irrigate  fields  at  the  coast.     This  plan  is  probably  imprac- 
ticable in  the  long  run,  for  these  ditches  will  soon  l>e  washed  out  and 
there  is  great  loss  of  water  by  absorption.     If  this  plan  is  to  be  con- 
sideivd,  it  would  Ik»  necessary  to  conduct  the  water  in  iron  pipes,  but    I 
the  quantity  in  each  place  is  usually  small,  so  that  it  would  also  be    ] 
an  expensive  undertaking  for  the  rt^sults  achieved.     Another  plan 
would  be  to  collect  the  water  of  the  upper  region  as  far  east  as 
Kamalo  and  \o  carry  it  by  a  series  of  dit<ihes  to  storage  reservoirs 
abov<»  the  cane  lands.     This  would  be  more  feasible  and  such  a  plan 
is  considered  in  the  following  pages.     The  supply  would  entail  small 
expense*  for  maintenance.     If  cemente<l  ditches  were  used  in  Qlaoes 
th(»  plant   would   1m»  put  on   a  permanent  basis,  necessitating  no 
renewal  every  ten  or  fifteen  years,  as  is  the  case  with  flumes.     There 
is  a  further  sour(*e  of  supply  in  the  ground  water  along  the  coast. 
This  can  be  collected,  carritnl  by  flumes  or  cemented  ditches  to  a  point 
nrar  the  cane  lands,  whence  it  would  have  to  be  raised  400  feet  by 
means  of  a  force  pump.     Few  agricultural  industries  but  sugar  planta- 
ti(ms  could  hear  such  a  tax,  hut,  as  well  known,  there  are  many  sucli 
high-power  i)umpiug  plants  in  the  islands,  esiK^cially  on  Maui.     Tho 
expense  would  he  still  further  increased  by  the  necessity  of  many  well 
plants,  for  it  is  certain  that  no  one*  place  will  supply  a  very  great  quan- 
tity of  water.     'I'Ikm-c  is  a  possibility  of  using  electric  power,  whiclra 
may  aid  to  solve  th(»  problem.     At  any  rate,  I  think  it  certain  tha'ti 
the  coast  flats  could  easily  be  irrigated  from  wells,  which  would  no^ 
n(»cessitate  high  pumping. 

Another  i)oint  to  be  considi^red  is  the  salinity  of  the  waters.  Th^ 
running  sti*eams  are  v(»ry  pure,  but  all  of  the  ground  water  is  mop^ 
or  less  contaminated  by  common  salt  or  sodium  chloride.  There  i^ 
less  of  this  at  Kawela  and  Kamalo  and  to  the  east,  but  west  o^ 
Kawela  the  salinity  increjises  and  riiaches  00  grains  per  gallon  it^ 
Kaunakakai  and  Palaau.  The  danger  point  in  using  saline  wate* 
for  sugar  j)lantations  is  stated  to  be  about  1(K)  grains  per  gallon^  - 
Above  this  the  waters  become  undesirable  and  their  application  ma^^ 
spoil  the  lands,  esix>cially  if  the}'  are  low  lying. 

UTILIZATION  OK  THE  RITNNINO   STREAMS. 

T7w  Hinount  of  water  which  yearly  flows  t/o  the  sea  through  Meyert^  - 
Kaunnkiikai,  and  Kawela  gulches  isuotYaTg<i,t\io\\^\vV\i^\fi>TY<KtsJ^wr^ 
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Solent  while  they  last.  To  collect  this  amount  at  sea  level  would  be 
difficult  in  many  respects,  and  this  plan  is  not  to  be  recommended ; 
nor  will  it  be  less  difficult  to  collect  the  water  from  the  streams  while 
running  at  elevations  of  500  to  1,000  feet.  Flumes  would  be  long  and 
expensive,  and  the  long  seasoUvS  during  which  they  must  remain  dry 
vrould  necessarily  soon  destroy  tbem. 

The  only  place  to  economically  collect  the  running  water  is  near  the 
summit  region.     Here  the  streams  are  more  constant  and  less  torren- 
tial; here,  also,  is  the  region  of  heaviest  rainfall  and  largest  relative 
drainage  area.     In  their  lower  course  most  of  the  streams  are  in  box 
canyons  which  can  not  collect  a  large  amount  of  water. 

It  may  be  thought  that  flumes  have  been  used  too  extensively  in 
the  scheme  outlined  below,  and  in  some  places  whei'e  the  soil  is  very 
light  ditches  may  i)ossibl/be  substituted,  but  the  danger  of  losing 
water  b}'  leakage  Ls  great,  though  not  so  great  as  farther  down  the 
slope,  and  in  installing  the  system  tests  and  measurements  should  be 
constantly  made  to  make  sure  that  no  avoidable  losses  take  place. 
During  the  dry  part  of  the  season  most  of  the  streams  will  flow  only 
a  small  amount,  and  a  few  will  dry  up  altogether;  there  will  be 
enough,  however,  to  keep  the  flumes  from  drying  and  shrinking.  It 
is  probably  not  desirable  to  go  beyond  Kamalo  Gulch  for  the  purpose 
of  collecting  water  for  the  region  of  the  gap.  Beyond  this  point  the 
summit  region  is  very  precipitous  and  the  expense  of  construction 
and  maintenance  would  be  very  great. 

The  system  of  collection  is  combined  with  a  system  of  storage  by 
which  part  of  the  watera  of  the  rainy  season  will  be  stored  for  summer 
iise.  A  number  of  reservoir  sites  have  been  selected  and  surveyed 
which,  it  is  believed,  will  be  tight  and  satisfactory. 

Referring  to  the  data  given  above  under  "Running  streams,"  the 
following  amounts  are  believed  to  be  available  in  the  different  gulches 
at  elevations  given  below : 


JllO  days  (Nov 

Gallons  per    ; 
24  hours. 

3, 250. 000 
800, 000 

1,250,000 
250, 000 
200, 000 
200,000 
275, 000 
425, 000 
200, 000 

1,200.(K)0 

.  1-June  1). 

Cubic  feot 
per  second. 

5.02 
.40 

1.93 
.39 
.31 
.31 
.43 
.66 
.31 

1.86 

60  days  ( Junt 

Gallons  in 
24  hours. 

1,000,000 
100,000 
300,  000 
150,000 
100,000 

75, 000 
100, 000 
150, 000 

50,000 
300,000 

J  1-Aug.  1). 

Cubic  feet 
per  second. 

Waihanaa 

Waialeia 

Waikolii:-. 

1.55 
.15 
.46 

^f^pakai 

Mokamoka 

LuahineFork 

Kamiloloa 

^»kaknpaia - 

West  Pork  Kawela 

^MtPorkKawela 

.23 
.15 
.12 
.15 
.23 
.08 
.46 

Total                 .   . 

7,550,000 

11.68 

2,325,000 
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This  gives  a  total  for  two  hundred  and  seventy  days  of  1,725,000,000 
gallons  (230,500,000  cubic  feet).  During  the  remaining  months  of 
the  year  there  will  be  a  varying  flow  less  than  2,000,000  gallons  (3.09 
cubic  feet  per  second),  which  may  be  considered  to  offset  losses  by 
leakage  and  evaporation.  Assuming  500  acres  to  be  irrigated  with 
5,000, (KKJ  gallons  a  day  (7.74  cubic  feet  per  second),  or  1,825,000,000 
gallons  (244,(K)0,(KK)  cubic  feet)  a  yeaVy  which  amount  certainly  is 
ample,  a  storage  capacity  of  about  577,0(K),000  gallons  (77,000,000 
cubic  feet)  is  rtMiuire<l  in  this  C4ise  to  supply  about  480  acres  witha 
steady  flow  of  4,800,000  gallons  in  twenty-four  hours  (7.43  cubic  fe^ 
per  second).  During  part  of  the  winter  months  the  full  amount  of 
water  is  not  needed  and  (*onsequently  any  Increased  storage  capacity 
will  incr<»ase  the  area  which  can  be  irrigated.  The  water  is  to  be 
taken  out  a.s  follows: 

Wa/Av;///.— Elevation  of  dam  3,6(X)  feet;  4,5(X)-foot  flume,  2  by  U 
feet;  grade  10  feet  iK^r  mile;  capacity  3,(KX),(H)0  gallons  (4. G4  cubic 
feet  per  second);  to  cross  gap  at  head  of  Makakupaia  with  2,000 
feet  of  lO-inch  riveted  pii>e,  and  discharge  in  Kamiloloa.  Prolwbty 
too  much  loss  of  watiM*  would  result  by  allowing  water  to  run  down 
into  Makakupaia  Fork. 

Kaweht. — Elevation  of  damming  place  3,220  feet;  15,000  feet  of 
flume  to  Makakupaia  Fork;  grade  10  feet  i>er  mile;  capacity  8,000,000 
gallons  (12.38  cubic  feet  i)er  second);  size  2  by  3  feet;  to  dump 
wat<?r  over  edge  of  canyon  into  Makakupaia  Fork;  crosses  Onini 
Gulch  in  siphon. 

3/aA:aA:?/pr/m.— Elevation  of  dam  2,050  feet;  17,(KX)  feet  to  Huntert 
cabin;  grade  K)  feet  per  mile,  dumping  water  in  upper  East  Fork  of 
Luahine  Gulch  at  elevation  of  2,600  feet;  capacity  10,000,000  gallons 
(24.76  cubic  fe<»t  per  sc^cond);  size  3  by  4  feet;  crossing  tributary 
gulches  of  Kaunakakai  Gulch  in  siphons  and  receiving  tributary 
flume  from  Kamiloloa  and  Waikolu. 

Kamiloloa.— ¥Ae\ii\\i.m  of  dam  3,050  feet;  4,500  feet  of  flume,  2  by 
2^  feet  carrying;  capacity  5,0<J0,O0O  gallons  (7.74cubic  feet  per  second); 
sharp  grade, 

Luahine  Fork, — The  wat<»r  from  the  Makakupaia  ditch  is  dumped 
into  East  Fork  of  Luahine.  The  latter  is  dammed  at  an  elevation  of 
2,350  feet;  0,500  fcK^t  of  flume  to  Kahapakai;  size  3  by  4  feet;  grade 
20  feet  iM»r  mile;  capacity  20,000,0o()  gallons  (30.94  cubic  feet  per  sec- 
ond); crossing  Mokamoka  Fork  and  West  Fork  Luahine  in  siphons, 
receiving  their  flows  in  2  by  1  foot  tributary  flumes;  dumps  at  an 
elevation  of  2,300  feet  in  Kahapakai. 

Waialcia. — Damming  place  at  an  elevation  of  2,760  feet;  4,000-foot 
flume  14  by  12  inches;  10-foot  grade;  dumping  into  Waihanau; 
capacity  1,000,000  gallons  (1.55  cubic  feet  per  second). 

JVaihauau, — Damming  place  at  an  elevati<m  of  2,046 feet;  4,200-foot 
flume,  2i  by  3  feet;  grade  10  feet  per  mile;  capacity  10,000,000 gallons 
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(15.47  cubic  feet  per  second);  400  feet  of  tuuiiel;  dumping  water  into 
Kahiiimkai. 

KnhajHikai, — Damming  plaee  at  an  elevation  of  i\(KK)  fed;  3,000- 
foot  flume,  3A  by  4  feet;  capacity  30,(KX),0(M)  jrjiHons  (\{\A'l  (•iil)i(*  feet 
per  second);  grade  20  feet  per  mile;  dumping  into  reservoir  No.  1  at 
Meyers  Lake. 

From  reservoir  Xo.  1  there  are  several  ways  by  which  the*  wat<»r 
can  be  conducte<l  down  to  the  lower  reservoir  sites.     The  simplest 
would  be  to  let  it  run  down  Meyers  CrtH»k  to  an  el(»vation  of  1,1(M)  feet, 
whence  it  could  be  taken  to  the  reservoirs  in  a  ditch.     This  will,  how- 
ever, almost  certainly  cause  larj^e  losses,  whicli  can  not  be  afforded. 
A  better  plan  would  probably  Ik»  to  let  it  down  to  an  elevation  of  1,000 
feet — that  is,  300  feet  l>elow  the  n^s(M- voir — whence*  it  can  Ik»  conducted 
by  a  sharp-gra^le  flume  across  the  pip  below  the  res(M'voir  and  thence 
to  the  head  of  the  flat  Kulch  in  which  the  big  n»servoii-s  are  located. 
This  gulch,  it  isbelieveil,  is  fairly  tight;  at  any  rate  it  is  worth  trying. 
Should  the  losses  in  this  gulch  l)e  too  large  it  will  b(»  necessary  to  (*on- 
struct  a  series  of  ditches  at  low  gra<le  connec^teel  with  sharp  drops 
which  will  conduct  the  water  down  to  the  reservoirs.     It  should  1h* 
mentioneil  that  all  parts  of  the  system  are  easily  accessible.     A  wagon 
road  extends  from  Kaunakakai  to  the  gap  at   Kaohu  station  above 
reservoir  No.  1;  another  road  is  built  from  Kaunakakai  to  Waikolu. 
Still  another  can  be  constructed  at  v(»ry  slight  <*<)st  from  Kaunakakai 
by  way  of  Makakupaia  station  to  the  headwaters  of  Makakupaia,  and 
to  the  e<lgeof  the  canyon  above  tlu»  West  Fork  of  Kaw(»la.     In  places 
the  flumes  will  be  difficult  to  build,  but  there  do  not   appear  to  Ik* 
aerious  obstacles  in  any  place. 

The  re<iuired  storage  capacity,  577, 000,iM)()  gallons  (77,n()(),()(X)  cubic 
feet),  is  to  l)e  obtained  as  follows: 

The  highest  reservoir  is  known  as  Meyers  Lake,  a  small  natural 
pond  dammed  tosome  extent  by  Mr.  Mey(M-.  It  consistsof  two  l)asins 
which  can  readily  be  dammed  tocontain  li;o,(MK),(MM)gall<)ns  (lM,(M)(),()(K) 
cubic  feet).  Theelevation  is  about  l.'joo  feet.  The  sit(»  isexcellent; 
the  ground  is  evidently  ver}' tight  and  (evaporation  slight.  Consider- 
able wave  action  may  be  expecMed  and  the  main  dam  must  lu*  rip- 
rapped  and  protected  by  a  break  water  of  logs.  Abundant  and 
excellent  dam  material,  clayey,  decomposed  soil  close  at  hand. 
Ur^  quantities  may  b<^  Ioos^mumI  by  bank  l)lasting.  Two  ditTerent 
themes  are  proposed;  ifonly  th(^  Iowcm*  basin  which  diains  towanls 
Meyers  Gulch  is  utilized,  the  capacity  will  be  rcMluced  to  !U,i)()(),()0() 
gallons  (12,000,000  cubic  feet).  If  both  basins  are  utilized  th(\v  must 
^connected  by  a  drain  or  siphon.  The  ui)per  basin  drains  toward 
^he  north  by  means  of  a  narrow  cut  whi(!h  must  be  tilled  by  a  dam. 

Dam  No.  2  and  No.  3  are  natural  basins  at  elevations  of  about  !KK) 
^  1,000  feet,  apparently  entirely  tight  and  in  their  pres(»nt  state 
'^y  to  receive  water.    They  are  situated  abowt  ^  m\Y^^  >NVi'dX-\i<i\NJcL- 
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west  of  Meyer's  ranch  on  the  broad  grassy  ridge  sout]i  of  Eleuweuve 
Point.  They  must  be  emptied  by  means  of  siphon  pif>es  or  drain 
tunnels. 

Most  of  the  gulches  and  creeks  of  the  island  have  a  very  steep 
grade.  Among  the  exceptions  to  this  rule  are  the  three  gulches  dis- 
charging on  thenoith  coast  over  the  1,000-foot  pali,  2  or  3  miles  nortl 
of  Middle  Hill.  The  water  courses  are  from  2  to  4  miles  long  aa< 
meander  with  relatively  low  grade  through  the  grassy  rolling  eountr] 
here  continuing  out  to  the  ver}'  edge  of  the  pali.  Their  valleys  ar 
from  about  100  feet  deep  up  to  800  feet  wide;  their  sides,  as  a  rule 
grassy  and  covered  by  clayey  soil.  Receiving  but  little  precipitation 
they  contain  but  little  water,  even  during  heavy  rains  and  are  tha 
ex(»ellently  adapted  for  storage.  Water  can  be  stored  in  all  three  a 
elevation  of  from  800  to  1,(KK)  feet.  The  most  southerly  of  thes 
crei^ks,  flowing  just  south  of  Eleuweuwe  Point,  is  best  adapted  fa 
reservoir  sites.  There  is  no  difficulty  in  carrying  the  stored  wate 
out  from  the  reservoirs  and  down  toward  the  cane  lands.  Foa 
reservoirs  were  planned  on  this  creek,  though  one  of  these.  No.  * 
may  be  dispensed  with  as  the  desired  capacity  is  obtained  without  Li 
The  dams  must  l)e  carefully  constructed  of  the  abundantly  availabl 
clayey  soil,  and  I  believe  that  the  reservoirs  will  be  found  water-tigh. 
They  are  calculat<Ml  to  10  feet  on  top  with  a  slope  of  3:1  on  both  side 
The  surveys  for  these  dams  were  nuwle  for  me  by  Mr.  E.  Pope,  atth^ 
time*  one  of  the  surveyors  of  the  American  Sugar  Company. 

List  of  I'CHvrvoirs. 


capacity.  I  H«i^ 


of  du^ 


GaUona.  ■  Cubic  feti.       !     Ftti. 

1  (Me vers  Lake). . 160,000,000  1  21,889.000 

2....* 62,000.000  8,388,000 

a 73,0(K),000  9,758,500 

4... 117.000,(KK)  15,640,500 

5.. .      . 138,  (KM).  000  18,448,000 

6 189.(K)0,000  25,266,000 

7 _ 100, 000, 000  13, 368, 000 


Totiil 839,000.000  I     112,158,000 


'*  Natural  boKin. 

From  the  reservoirs  at  an  ek^vation  of  800  feet  the  water  is  easil 
conducted  b}'  ditches  and  drops  in  shallow  ravines  to  an  elevation  c 
450  feet,  th(^  height  of  the  gap,  whence  it  can  l)e  applied  to  any  par 
of  the  cane  lands  desired.  The  distance  from  the  reservoirs  to  th 
cane  lands  is  from  2  to  4  miles.  It  is  ciusily  understood  that  it  i 
not  necessary  to  construct  this  whole  system  outlined  above  at  once 
The  Waihanau,  Waialeia,  Kahapahai  may  be  first  utilized  togethe 
with  reservoirs  No.  1  and  No.  2  or  No.  7.  The  results  of  this  system 
which  will  irrigate  at  least  175  acres,  will  indicate  the  success  to  b 
expected  from  the  installation  of  the  whole  By^\«>m. 
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In  conclusion  it  may  be  estimated  tliat  collecting  and  storing  the 
nmning  streams  as  outlined  above  will  cost  alM)ut  S120,()00  and  the 
water  collected  amounts  to  a  steady  supply  of  n(»arly  o,(MX),CX)()  gallons 
a  day  (7.74  cubic  feet  per  second)  during  the  whole  year.  The 
utilization  of  this  water  will  interfere  but  little  witlutlu*  supply  to  be 
expected  from  pumps  at  sea  level. 

If  it  were  found  practicable  to  use  the  lands  for  cultivation  of  fruit 
trees  and  vines,  this  quantity  of  water — o,(X)0,(M)0  gallons  in  twenty- 
four  hours  (7.74  cubic  feet  per  second) — would  easily  be  sufficient  to 
irrigate  1,000  acres.  In  view  of  the  strong  winds  prevalent  over  the 
area  containing  good  soil  such  culture  may,  however,  Ix^  difficult. 
Experiments  in  this  direction  would  be  desirable. 

In  order  to  develop  the  water  supply  by  catching  some  of  the  under- 
ground flow  which  otherwise  would  come  out  at  elevations  lower  than 
the  point  of  collection,  tunnels  might  be  driv(4i  at  Waihauau, 
Waialeia,  and  Waikolu  into  the  hill  peipendiculail}'  t^o  the  direction 
of  the  drainage,  just  above  the  damming  place  and  in  ])oth  directions 
from  the  creek;  it  is  rather  probable  that  notable  amounts  will  thus 
be  collected  by  comparatively  short  tunnels,  say  KM)  or  200  feet  in 
length. 

Similar  tunnels  at  the  places  where  Kawela  and  Makaku^mia  forks 
are  caught  are  not  advisable. 

WaUau  and  Pelekunu, — Referring  to  previous  pages,  it  is  estimated 
thatWailau  has  a  minimum  flow  of  8,000,000  gallons  (12.J38  cubic  feet 
per  second)  and  Pelekunu  of  7,000,000  gallons  (10.8:5  cubic  feet  per 
second),  both  at  an  elevation  of  GOO  feet;  but  measurements  during 
the  dri^t  time  of  the  year  are  necessary  to  confirm  these  figures. 
Only  the  minimum  supply  can  be  considered,  for  the  high-level  irriga- 
tion system  proposed  above  has  exhausted  the  greatei-  part  of  storage 
capacity  available. 

The  utilization  of  the  water  supply  of  these  streams  involves  (1)  a 
high-level  ditch  reaching  the  cane  lands  at  an  elevation  of  450  feet 
and  (2)  long  tunnels  to  bring  the  water  to  the  south  side  of  the  island, 
the  northern  coast  being  entirely  impracticable.  l>oth  dit(?h  and 
tnnnel  will  be  very  expensive. 

There  are  two  po<isibilities:  (1)  Utilization  of  Wailau  alone;  (2) 
utilization  of  Pelekunu  and  Wailau. 

By  the  utilization  of  Wailau  ah)ne  8,(KH),()()()  gallons  (12. :J8  cubic  feet 
P^rsecond)  of  water  will  be  obtained,  and  to  this  must  Ix*  added  water 
^hich  will  be  found  in  the  tunnel.  The  latter  (juant  ity  is  very  doubt- 
ful, but  will  probably  amount  to  several  million  gallons.  The  tunnel 
^U  tap  Wailau,  West  Fork,  at  an  elevation  of  070  feet.  The  water 
^^om  the  Elast  Fork  will  be  added  by  ditch  across  gap  south  of  Puu  o 
*^*ilau.  Length  of  tunnel  to  point  in  the  canyon  IJ  miles  above  Dr. 
iforritz's  house  at  Mapulehu  (elevation  000  feet),  12,800  feet.  From 
^polehu  to  the  cane  fields  there  will  be  17  miles  of  conduit  and  flume, 
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with  many  siphons,  the  latter  causing  considerable  loss  of  grade.  Ele- 
vation of  flume  at  cane  fields,  450  feet.  The  expense  of  this  undertak- 
ing would  probably  exceed  ♦400,000.  But  it  should  be  remembered  that 
there  are  many  things  which  may  cause  increased  expense.  -iVmong 
these  are  the  possibility  that  the  tunnel  may  partly  or  wholly  heed 
cementing  in  order  to  liecome  tight.  Further,  that  loose  strata  may  be 
met,  which  may  largely  increase  the  expense.  Further,  the  difficulty 
of  working  the  tunnel  from  l)oth  ends  on  account  of  descending  grade 
and  large  (juantity  of  water  probably  met  with.  Lastly,  the  difficulty 
of  landing  coal  and  machinery  at  Wailau.  Time  needed,  if  only 
worked  from  one  end,  three  years.  i 

By  the  utilization  of  Pelekunu  and  Wailau  14,000,000  gallons  (21.66 
cubit  feet  per  second)  should  be  secun*d,  besides  the  large  flow  which 
will  almost  certainly  be  met  in  the  tunnels.  Ditches  and  flumes  must 
be  correspondingly  enlarged,  and  a  tunnel  14,500  feet  long  driven 
from  Pelekunu  to  convey  the  water  after  it  is  collects  from  the 
different  branches.     The  exi)ense  would  l>e  at  least  $800,000. 

By  tunneling  the  range  from  Kawela  to  Pelekunu  the  long  and  diffi- 
cult conduit  from  Mapulehu  to  Kawela  would  be  avoided  and  there 
would  be  also  consi(l(»rable  saving  of  gnide.  The  tunnel  from  Wailau 
(elevation  050  feet)  to  Pelekunu  (elevation  635  feet)  would  be  15,000 
feet  long,  while  the  tunnel  from  Pelekunu  (elevation  635  feet)  to 
Kawela  (elevation  610  feet)  would  Ix^  26,5(X)  feet.  All  of  the  previ- 
ously stated  objections  apply  with  still  greater  forc«.  The  enterprise 
would  (H)nsume  several  years  and  require  at  least  $1,200,000. 

In  conclusi<m,  I  consider  it  feasible  to  bring  the  water  from  Wailau 
and  Pelekunu  to  the  cane  fields,  l)ut  <lonot  believe  that  the  enterprise 
would  ])<^  a  paying  investment. 

UTILIZATIOX   OK   THE   GROUND   WATER. 

This  plan  contemplates  tlu^  pumping  of  water  froim  shallow  wells  at 
suitable  plac(\s  along  tlie  coast  up  to  a  low  flume,  say  50  to  75  feet 
above  sea  level,  and  th(»  further  raising  of  it  up  to  a  level  of  300  to  500 
feet  ])y  means  of  n^eiproeating  pumps.  Considering  the  conditions 
fully  outlined  above,  it  is  clear  that  a  large  volume  of  water,  say 
30,000,000  gallons  (4(;.42  cubic  feet  per  s(M-()nd),  is  not  obtainable  in  any 
one  place.  Th(»  only  way  is  to  ut  ilize  all  t  h<*  resources  as  far  as  possible 
and  to  collect  thc^  water  wherevcM*  found.  It  is  true  that  this  may  he 
sinnewhat  more  (\\i)ensiv<^  than  if  the  water  \v(M*e  foun<l  in  one  place, 
but  it.  is  the  only  plan  possible,  excei)t  if  the  supply  fnmi  Wailau  and 
Pelekunu  be  used. 

When  the  ground  water  is  conc(^ntrat(>d  about  sea  level,  trenches, 
pits,  or  tunnels  may  offer  the  best  nu'ans  of  collecting  the  same,  the 
trenches  and  tunnels  as  a  matter  of  course  being  extended  parallel  to 
the  shore.  Even  in  this  case  difficulties  may  occur,  for  the  heavy 
pumping  necessary  to  prosecute  the  work  is  apt  to  bring  in  sea  water, 
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uid  leakH  may  be  found  which  will  admit   lHr^(^  quantities  of  the 

Hune.     If  the  water  is  more  evenly  distrihut^Ml  t.hrou^li  tlio  strata 

lown  to  3()  or  40  feet  below  sea  level,  or  if  tln^  hulk  of  it  is  found 

it  the   latter  depth,  sinking  and  tunneling  IxM'onu^   inipra<^tieal)le, 

for  if  it  is  attempted  to  keep  the  workinj»s  dry,  th<»  s<»a  water,  1)eing 

ander  heavy  pressure,  is  almost  sure  to  find  its  way  in.     In  sueh 

ease  groups  of  14-inch  bore  holes  should  be  used,  and  (»ven  when  the 

water  occurs  at  sea  level  they  may   iK^eomr  i)r(»foral)le.     In  these 

porous  rocks  the  capacity  of  a  single  bore  hol<»  may  b(»  <*omparatively 

peat  and  a^iount  up  to  1,()C)(),o(K)    gallons    in  tw<Mity-four  hours. 

There  is  great  temptation  to  ovenlraw  the  capacity  of  wells,  and  this 

b»  been  done  both  at  Kaunakakai  and  at   Kawcla.     Just  as  soon  as 

I  steady  increase  in  salinity  is  noted  tho  cjuantity  drawn   must  Ik? 

decreased.     In  these  rocks  one  w<*ll  has  a  larg(»  suction  area.     If  one 

well  will  give  1,000,000  gallons  (1.55  cubit  feet  per  s(M»ond),  20  wells 

nnrounding  it,  say  at  the  eoniei's  of  each  U)  feet  sc^uans  will  ])ro])a- 

bly  give  at  most  3,000,000  to  4,()(K),(K)()  gallons  (4.<;i  to  <>.  l!i  cubic  feet 

per  second).     While  many  of  these  conditions  seem  discouraging,  it 

should  be  borne  in  mind  that  one  single  well,  that  at  Kaunakakai, 

has  for  over  one  year  furnished  a  steady  flow  of  wat^M'  with  a  salinity 

of  85-fH)  grains  per  gallon,  and  that  iiumy  similar  plaees  can  dou])t- 

less  be  found  along  the  coast. 

At  Palaau. — Ac-cording  to  the  datu  given  al)ov(»  (wells  and  springs) 
there  is  probably  a  considerable  amount  of  ground  wat(M-  available  at 
Palaau  at  a  depth  of  about  80  feet — how  much  is  dillicult  to  say; 
there  is  at  least  1,000,000  gallons,  possibly  as  much  as  :},()()(),()()().  The 
wells  lK)red  have  not  been  ad<Miuat4»ly  t<'st(Hl,  and  this  should  fii'st  of 
all  be  done  with  the  well  and  shaft  near  the  deep  well.  If  this  will 
yield  a  steady  stream  for  about  a  month  or  two  of  from  7.5(),(MM)  to 
1,CK)0,0CM>  gallons  (1.16  to  l.oo  cubic*  feet  per  second)  in  dry  season,  1 
recommend  that  two  or  thr(»e  mon*  wells  ])e  sunk  pai'allel  to  th<» 
coast,  alK)ut  40  feet  apart.  If  it  sliouhl  ])e  found  that  tlies(»  would 
yield  2,0()0,0(X)  or  2,500,(H)0  gaUons  (:^()!»  to  ;J.87  cubic  feet  |)er  second) 
of  water  containing  less  than  1(H)  grains  of  salt  per  gallon,  this  should 
be  utilized  to  irrigate  the  bottom  lands  at  Palaau,  as  well  as  part  of 
the  slopes  above,  which,  though  rocky,  can  Ix*  cleai(Ml  and  planted. 
About  1  mile  of  small  flume  will  be  needed.  If  tlu^  walei*  is  (d(n'ated 
to  100  feet  by  a  reciprocating  pump  driven  l)y  <'lectricity,  it  would 
re<iuire  44  horeepower,  or  A-J  liorsepower  delivertMl  at  the  motor.  The 
salinity  would  be  high — i.  e.,  about  1)0  giains  per  gallon — an<l  ihisnniy 
in  the  long  run  interfere  with  its  use  on  the  lowlands. 

Cocoanut  (jrove  tvells. — The  CO-foot  well  at  this  place  should  l)e 
tested,  which  has  not  Iwen  done  uj)  to  date.  Should  it  be  found  that 
this  well,  with  or  without  adjacent  pit,  will  furnish  1, 000,  (XM)  gallons  per 
twenty-four  hours  (1.55  cubic  fe(»t  p<»r  second)  of  s^ilinity  of  100  grains, 
this  wat^r  may  be  used  to  irrigate  the  iMjttom  lands  adjacent,  amount- 
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ing  to  150  acreH,  less  water  being  needed  on  these  low-lying  lands 
than  on  the  higher  ground.  This  would  require  8  theoretical  horse- 
power, or  10  delivered  at  the  motor  if  electric  power  be  used.  Should 
the  water  prove  too  salt,  water  from  Eaunakakai  must  be  used. 

KaumikdkaL — One  well  at  Kaunakakai  is  clearly  proved  tobeable 
to  deliver  a  stead}'  stream  of  1,000,000  gallons  per  twenty-four  hours 
(1.55  cubic  feet  per  second).  It  is  probable  that  2,000,000  gallons  (3.09 
cubic  feet  per  second)  more  may  be  obtained  from  shallow  weUs  to 
sea  level  between  this  well  and  the  so-called  Risdon  wells,  1  mileeasl^ 
ward. 

Risdon  wells, — These  20  wells  have  never  been  adequately  tested, 
and  their  capacity  is  in  doubt.  Such  incomplete  tests  as  have  been 
made  are  encouraging,  and  the  conditions  seem  to  indicate  that  they 
may  furnish  2,000,000  gallons  of  water  (3.09  cubic  feet  per  second)  at 
80  grains  of  salinity.  The  water  is  contained  in  a  well-defined  stratum 
of  porous  rock  from  J)  feet  to  34  feet  below  sea  level. 

Koivda, — Between  Risdon  station  and  the  west  boundary  of  Kawela 
the  ground  water  does  not  appear  along  the  coast  in  notable  quanti- 
ties, and  the  prospect  of  obtaining  water  from  wells  is  not-  encoa^ 
aging.  Hut  one-fourth  of  a  mile  east  of  Onini  station  very  large 
springs  appear  on  the  beach,  and  I  believe  that  there  is  2,000,000 gal- 
ions  (3.09  cubic  feet  per  second)  of  ground  water  available  at  this 
place.  The  wells  should  l>e  sunk  at  the  foot  of  the  bluflP,  just  east  of 
the  rock  point  which  extends  to  the  sea.  Pi-eliminarj'  exploration 
by  means  of  pits  or  shafts  would  l)e  necessary  to  decide  at  what  level 
the  water  will  Iw  found;  possibly  most  of  it  is  held  above  sea  level, 
but  this  is  a  point  which  can  not  be  decided  at  present. 

On  the  west  side  of  Kawela  Gulch  for  a  distance  of  2,000  feet  from 
the  creek  a  considerable  amount  of  water  is  probably  available.  I 
think  3/K)0,00()  gallons  (4.64  cubic  feet  per  second)  can  be  secured 
here,  but  whether  at  sea  level  or  30  or  40  feet  l^elow  it  is  impossible  to 
say  at  present. 

The  flood  plain  of  Kawela  (ruleh  at  pixjsont  contains  much  w^ater 
in  its  gravelly  bed,  but  this  amount  will  probably  be  notably  dimin- 
ished by  the  diversion  of  its  headwaters  into  the  irrigation  system  as 
proposed  above.  Nearly  all  of  the  recent  well  boring  and  pumping 
has  been  done  on  the  east  side  of  Kawela  Gulch.  The  total  quantity 
of  water  jn'oved  seems  to  be  4,500,000  gallons  (6.96  cubic  feet  per 
second).  Of  this,  2,000,000  gallons  (3.09  cubic  feet  per  second)  of  40 
grains  salinity  have  be<»n  shown  to  be  available  at  wells  Nos.  1,  2, 
and  3i  2,500,000  gallons  (3.87  cubic  feet  per  second)  of  60  grains 
salinity  may  be  considered  proved  at  well  No.  4,  with  its  pit  and  tun- 
nels, if  the  flow  of  salt  water  is  shut  off,  which  probably  can  bo  done 
by  filling  the  salty  bore  hole  with  cement  and  constructing  a  cement 
wall  around  the  leak  in  the  southeast  corner  of  the  pit  (see  p.  44). 
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'  Tunneling  at  about  4  feet  l>elow  water  level  has  proved  a  difficult 
I  undertaking,  and  will  become  more  so  in  the  loose  gravelly  material 
(  which  will  be  encountered  near  wells  Nos.  6,  7,  and  8.  It  would  prob- 
f  ably  be  better  to  run  an  open  cut  6  feet  wide  in  the  bottom  and  4  feet 
*  below  water  level  in  a  line  of  about  15  feet  south  of  the  wells,  thus 
';     collecting  all  of  the  ground  water  available  at  sea  level  into  one  cen- 

{tral  station,  whence  the  water  could  be  pumped.     Hut  to  this  must  be 
added  such  amounts  of  the  ground  water  as  is  stored  in  lower  strata, 
.     as,  for  instance,  55  feet  below  the  surface  at  well  No.  3.     This  deeper 
f     water  may  be  secured  by  connecting  the  bore  holes  with  the  main  cut 
f      at  its  level — i.  e.,  4  feet  below  the  sea  level — but  each  bore  hole  must 
first  be  very  carefully  tested  as  to  capacity  and  lowering  of  water  level. 
If  necessarj^  the  open  cut  must  be  extended  west  of  well  No.  1,  and 
a  tunnel  run  through  the  bluff  of  well  No.  0.     It  is  almost  imx>ossible 
to  outline  a  plan  which  in  its  details  can  be  strictly  adhered  to,  for  the 
conditions  change  almost  from  day  to  day  and  the  work  requires  the 
personal  supervision  of  a  very  skilled  and  experienced  engineer.     In 
conclusion,  it  is  believed  that  10,000,000  gallons  (15.47  cubic  feet  per 
second)  may  be  exi)ected  at  Kawela,  east  of  the  creek,  and  3,000,000 
gallons  (4.64  cubic  feet  per  second)  west  of  the  same.      At  Kamalo  a 
quantity  of  water  almost  equal  to  that  at  Kawela  may  be  expected, 
and  a  few  million  gallons  may  doubtless  be  obtained  at  intervals 
between  Kamalo  and  Mapulehu. 

To  collect  these  waters  will  doubtless  prove  an  expensive  undertak- 
ing, owing  to  the  many  small  pumping  stations.  Should  it  be  desired 
to  pump  a  smaller  quantity  for  pui-poses  of  irrigation,  along  the  coast, 
some  of  the  small  streams  at  high  elevations  could  be  used  to  gener- 
ate electric  power  to  drive  the  pumps  below. 

Recapitulation. — While  the  estimat^>  of  watei*s  available  below  the 
surface  is  necessarily  very  uncertain  and  difficult,  I  should  place  the 
probable  amounts  as  follows : 

Probable  aimmnt  of  water  available. 


Palaan  - - 

Cocoannt  grove  wells _ - . 

Katmakakai 

Risdon  wells . 

Onini  Station 

Kawela  (west) 

Kawela  (east) 

High-leyel  irngation  system . . 

Total 1  29.3  I  45.32 


1  Million  Kal- 

Cubic  fG©t 

loii8i>er24 
hours. 

Iter 

second. 

1 

3 

4.64 

1.5 

2.32 

3 

4.64 

2 

3.09 

2 
3 

8.09 
4.64 

10 

15.47 

4.8 

7.43 

60 
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ELK(TRU'    POWfiR  AVAILABLE. 
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As  stated  Ixjfore,  tlii'!  irrigation  sy8ti.*in  from  the  running  streams 
outlined  above  should  furnish  at  an  ek*vation  of  K(K)  feet  a  steady  sup- 
ply of  4,800,000  galUms  a  day  (7.43  euhic  feet  per  second),  or  3,333 
gallons  a  minute.  If  the  water  is  applied  below  425  feet  on  the 
south  slope  of  the  gap,  375  feet  of  fall  will  be  available,  giving  a  the- 
oretical horsepower  of  314,  which  if  converted  into  electrical  power  by 
means  of  Pelton  wheel  and  dynamo  and  transmitted  with  high  poten- 
tial to  Kawela  should  be  sufficient  to  raise  13,000,000  gallons  66  feet; 
length  of  pressure  pii)e,  15,()(K)  feet;  length  of  transmission  to  KaweU| 
10  miles.  The  greatest  item  of  cost  is  the  pi*essure  pipe,  which  should 
be  14  inches  in  diameter,  riveted,  and  of  wrought  iron,  and  whieh 
would  not  cost  less  than  ^50,0<X).  The  transmission  would  offer  no 
difficulties,  nor  would  the  loss  in  transmission  with  high  voltage  be 
large.  The  great  cost  of  pressure  i)ipe  diminishes  the  value  of  this 
proposition.  More  electric  power  could  be  obtained  by  utilizing  the 
upper  n'servoir,  which  has  a  capacity  of  160,000,000  gallons  (247.56 
cubic  feet  per  second).  Quantity  of  water  available,  1,000,000  gallons 
per  twenty- four  hours  (1.55  cubi(»  feet  i)er  second),  or  700  gallons  per 
minute;  fall  available,  700  feet;  total  theoretical  horse^wwer  avail- 
able, 123;  horsepower  available  at  pumps  5  to  10  miles  dist^int,  75. 
Pressure  pi^H*  from  reservoir  to  i)Ower  stiition  in  Meyers  Gulch,  at 
elevation  of  1,100  feet,  would  be  10,000  feet  long;  diameter  of  8  inches 
should  1h*  sufficient  Here,  again,  the  i)ressure  pipe  forms  the  prin- 
cipal item  of  cost,  being  not  less  than  *!  5,000. 

This  pi-oposition  is  more  favorable,  but  still  very  exi>en8ive  in  com- 
parison with  the  advantages  obtained.  On  the  whole,  it  seems  more 
advisable  to  depend  upon  steam  for  motive  iK)wer. 

Electric  itoicer  from  Pelekunu,  Walldii,  and  Halawa. — According 
to  a  i^reliminary  report  by  Mr.  M.  M.  O'Shaughnessy,  dated  December 
5,  1800,  the  following  approxiinat(»  power  (»ould  l>e  generated  by  util- 
izing these  stn^ams: 


Halawa. . . 
Wailaii . . . 
Pelekunn  . 
Wttikoln . . 


5, 000, 000 

10,  (KM),  (KX) 

r),0<K),000 

3,  H50,  000 


7.74 

15.47 

7.74 

5.96 


FaU  avail- 
able for 
power 


800 
400 
200 


Horsepow- 
er (Uieo- 
retical)- 


701 
210 
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Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  D,  C,  Deceviher  2,  1902, 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  pre]>ai*ed 
by  Prof.  Israel  C.  Rnssell,  and  to  request  that  it  l)e  printed  as  one  of 
the  series  of  Water-Supply  and  Irrigation  Papers.     The  paper  re- 
lates to  work  carried  on  by  Professor  Russell  during  the  summers 
of  \901  and  1902,  and  contains  a  description  of  the  geologic  structure 
of  southwestern  Idaho  and  southeastern  Oregon,  with  sx)ecial  refer- 
ence to  the  occurrence  of  underground  waters.     The  artesian  basins 
are  described  as  far  as  these  are  known,  and  facts  are  assembled  as  to 
the  probabilities  of  obtaining  deep  or  flowing  wells. 

The  information  has  particular  value  at  this  time,  when  great 
interest  is  being  displayed  in  the  reclamation  of  the  arid  lands. 
All  facts  which  assist  in  procuring  water  are  eagerly  sought,  and  the 
data  collected  by  Professor  Russell  are  particularly  important  in  the 
development  of  a  large  extent  of  vacant  public  land. 
Very  respectfully, 

F.  II.  Newell, 

Hydrocjrupher  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  Stat-es  Geological  Survey, 
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PBEUMINARY  REPORT  ON  ARTESIAN  BASINS  IN  SOUTH- 
WESTERN IDAHO  AND  SOUTHEASTERN  OREGON. 


By  Israel  C.  Russell. 


INTRODUCTION. 

During  the  summer  of  1901  I  ma<le  a  geological  reconnaissance  in 
fionthern  Idaho  which  covered,  in  a  general  way,  th(^  region  embraced 
in  the  Snake  River  Plains  from  the  boundary  l)etween  Ada  and 
Elmore  counties  eastward  to  I^lackfoot/'    The  studies  thus  begun 
were  continued  in  the  summer  of  1902,  when  parts  of  Canyon  and 
Owyhee  counties,  Idaho,  and  of  Malheur  and  Ilarnej^  counties,  Greg., 
were  examined.     The  route  traversed  during  the  second  reconnais- 
sance followed  Snake  River  from  GufTey  northwestward  to  the  mouth 
of  Owyhee  River,  in  Idaho,  and   thence   through   Vale,  Westfall, 
Benlah,  Drewsey,  Harney,  Bums,  Narrows,  Diamond,  Smith,  Mule, 
Alvord  Valley,  Jordan  Valley,  etc.,  in  Oregon,  to  Rockville,  on  the 
weet  border  of  Owyhee  County,  Idaho.     From  Rockville  the  return  to 
Boise  was  by  way  of  Caldwell  and  Nampa.     The  route  followed  was 
ch08en  for  the  purpose  of  passing  through  the  greatest  numl)er  of 
valleys  where  artesian  conditions  might  most  reasonably  be  expected 
to  exist  and  where  the  largest  areas  of  good  land  are  available  for 
agricnlture. 

Each  of  the  journeys  referred  to  above  wtis  a  rapid  reccmnaissance, 
having  for  it«  principal  object  the  discovery  of  localities  where  flow- 
ing water  can  be  obtained  by  drilling  welLs.  In  addition  to  gathering 
facts  bearing  on  the  question  of  an  artesian  water  supply,  as  much 
attention  as  the  time  available  would  i)ermit  was  given  to  the  study  of 
the  general  geology  of  the  country  traversed,  the  surface  water  supply, 
soil  conditions,  etc.  The  results  of  my  examinations  may,  then,  be 
divided  into  two  parts — namely,  that  pertaining  directly  to  artesian 
basins  and  that  relating  to  geological  history,  topographical  develop- 
ment, etc.  As  the  search  for  artesian  biusiiis,  especially  <luring  the 
journey  made  in  1902,  was  far  more  successful  than  1  ha<l  hoped,  it 

«A  report  on  this  iieconnai88an<>e,  <Mititl«'d  (Jeoloijy  and  Wat«T  R**sc)ur«'e«  of  tbo  Snake  River 
Plains  of  Idaho,  han  )>een  publiMbcMl  as  Bulletin  No.  \\^)  liy  thf  I'nited  Stal4>H  (4oolrtgiral  Survey. 
A  copy  of  thfai  report  may  \n*.  luid  without  rbai^H  by  applying  to  tlui  DirtM'tor  of  the  United 
States  Qeoloiflcal  Survey ,  Wa^hinKton.  D  C 
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seeinH  advisable  to  present  a  preliminary  report,  with  the  view  of 
giving  early  information  concerning  the  artesian  basins  to  the  people 
living  in  the  region  examined  and  later  to  prepare  a  more  definite 
record  of  the  geological  and  geographical  facts  observed. 

During  the  reconnaissance  of  1901  it  was  found  that  the  geological 
conditions  in  the  Snake  River  Canyon  fi*om  near  Glenns  Ferry  west- 
ward to  the  boundary  between  Elmore  and  Ada  counties  and  iD 
Bruneau  and  Little  valleys  are  such  that  a  surface  flow  of  water  can 
reasonably  be  expected  where  the  surface  elevation  is  not  too  great  il 
wells  are  drilled  to  the  proper  depth.  The  artesian  basin  crossed  bj 
the  portion  of  Snake  River  just  mentioned  was  for  convenienci 
named  the  Lewis  artesian  basin,  but  its  extension  west  of  the  boundar] 
between  Elmore  and  Ada  counties  was  not  examined.  The  westeri 
portion  of  the  basin  was  made  the  first  subject  of  study  during  th 
following  field  season,  and,  as  will  be  stated  later,  it  was  found  t 
reach  westward  to  beyond  the  Idaho-Oregon  boundary. 

The  reconnaissance  in  southeastern  Oregon  showed  that  if  wells  at 
properlj"  drilled,  a  surface  flow  of  water  may  reasonably  be  expecte 
in  at  least  three  separate  valleys  in  addition  to  the  basin  which : 
crossed  by  Snake  River.  These  are  Otis  Valley,  situated  about 
miles  north  of  Drewsey;  the  broad  valley  in  which  Malheur  an 
Ilamey  lakes  are  situated,  known  in  part  as  Harney  Valley;  an 
Whitehorse  Valley,  situated  about  10  miles  east  of  the  higher  portio 
of  Stein  Mountain.  The  basins  in  which  these  valleys  are  situate 
will  be  termed  in  this  report  the  Otis  artesian  basin,  the  Harney  art< 
sian  basin,  and  the  Whitehorse  artesian  basin,  respectively. 

Before  presenting  the  facts  which  are  the  basis  of  the  conclusio 
that  in  each  of  the  basins  just  named  a  surface  flow  of  water  can  1 
had  by  drilling,  it  will,  I  think,  be  of  assistance  to  review  briefly  tl 
leading  conditions  governing  the  flow  of  artesian  wells. 

CONDITIONS  ON  WHICH  THE  FliOW  OF  ARTESIAN  WELI 

DEi»ENI>S. 

The  term  artesian  well,  as  commonly  employed,  signifies  a  wc 
which  overflows  upon  the  surface.  The  leading  conditions  favorii 
the  rise  and  overflow  of  water  from  wells  may  perhaps  be  best  ind 
cate<l  ])y  describing  the  essential  features  of  a  typical  artesian  basi 
of  the  simplest  character. 

In  what  is  properly  termed  an  artesian  basin,  the  layers  of  rock  ai 
bent  downward,  so  as  to  resemble  a  pile  of  shallow  plate-shape 
dishes,  plac^^d  one  within  another.  One  or  more  of  the  be<ls  of  roc 
is  i)orous  and  allows  water,  supplied  by  rain  on  its  uptumefl  an 
exposed  margin,  to  percolat^^  into  it.  Above  and  below  the  wate 
chargeil  layer  are  c^loso-textured  beds,  like  day,  which  prevent  tl 
escape  of  the  water  in  the  bed  between  them.     The  leading  conditioi 
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which  characterize  artesian  basins  will  be  reproduced  on  a  small  scale 
if  one  pan  is  placed  within  another,  and  the  two  are  separated  by  a  layer 
.of  sand,  and  the  spaces  between  the  sand  grains  are  filled  with  water. 
If  a  hole  is  drilled  in  the  bottom  of  the  uppermost  i>an,  water  will  rise 
from  below  and  overflow  until  the  level  of  the  water  in  each  pan  is 
the  same.  This  is  illustrated  by  the  following  cross  section  (fig.  1), 
which  represents  two  pans,  with  a  layer  of  sand  l)etween  them,  as 
they  would  appear  if  cut  across  and  one- half  n»nioved.  The  pans  in 
such  an  experiment  represent  the  compact  or  impervious  layers,  and 
the  sand  the  porous  or  pervious  bed,  in  an  aii/Csian  basin. 


Pio.  1.-Ooa8  section  of  two  dishes  with  layer  of  sand  between;  to  illnxtrate  the  leodinfir  essen- 
tial features  of  an  artenian  l>aHin. 

In  the  following  diagram  {fig,  2)  an  ideal  cross  section  is  presented 
through  an  artesian  basin  which  may  be  assuiin^d  to  be  50  or  more 
miles  in  diajneter.  The  rocks  are  in  layers  or  strata,  and  their  com- 
bined thickness,  we  will  assume,  is  1,000  feet.  A  cross  section  taken 
in  any  direction  through  the  pile  of  saucer-shaped  beds  (as  is  the  case 
with  the  exi)eriment  with  the  pans  referred  to  above)  would  be 
essentially  the  same.  In  the  diagram  {fig;,  2)  B  and  C  represent  com- 
pact and  impervious  beds,  such  as  clay  or  shale;  and  A  represents  a 
porous  bed,  such  as  sand,  open-textured  sandstone,  or  fissured  and 
broken  rock.  The  beds,  it  will  be  noted,  are  depressed  in  their  cen- 
tral parts,  but  about  their  edges  come  to  the  surface.  Under  these 
conditions  water  falling  as  rain  on  the  exposed  margin  of  the  pervious 
bed  and  the  water  from  streams,  etc.,  would  i)erc()late  into  it  until  it 
was  water  filled.     If,  now,  a  hole  drilled  in  the  central  part  of  the 


BMMi 
Pio.  2.— Ideal  section  illnstrating  the  chief  conditicms  requMto  to  arteRian  wells. 

basin,  as  at  D  or  E,  reaches  the  pervious  bed  the  pressure  of  water 
at  a  higher  level  will  cause  the  water  in  the  well  to  risii  and  overflow 
at  the  surface,  and  a  flowing  artesian  well  will  result. 

If,  in  the  case  just  cited,  no  additional  water  should  eonu»  to  the 
exposed  margin  of  the  pervious  bed,  the  well  drilh'd  at  1)  or  K  would 
decrease  in  volume  and  finally  cease  to  (low  when  the  wat(M*  in  the 
porous  bed,  or  so-called  reservoir,  was  lowered  so  as  to  be  on  a  lev(4 
with  the  surface  at  the  localities  referred  to.  If,  on  tlu^  other  hand. 
Pain  falls  cm  the  exposed  margin  of  the  p<Mvious  lay<M*,  or  stit^ams 
bring  water  to  it,  a  continuous  discharge  from  tlui  well  would  result; 
as  will  be  seen,  one  well  in  an  artesian  bjvsin  might  be  (*onspieuously 
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Huccessf ul,  while  many  wells  mi^ht  permit  of  snch  a  freedom  of  escape 
of  the  water  in  a  pervious  bed  as  to  practically  ruin  all  of  them. 

In  the  illustration  ju8t  presented,  but  one  pervious  bed  was  consid- 
ered. In  nature  several  such  beds  may  lie  present  in  a  single  arte- 
sian liasin,  and  several  wells,  drilled  to  different  depths,  might  be 
successful,  each  well  being  supplied  by  a  different  pervious  bed. 

The  height  to  which  the  water  will  rise  above  the  surface  opening 
of  an  artesian  well  depends  on  the  height  of  the  water  in  the  raised 
border  of  the  water-charged  bed  from  which  it  derives  its  supply. 
For  example,  in  iig.  2  the  lowest  point  in  the  rim  of  the  water 
charged  bed  is  at  A,  and  if  the  pipe  in  the  well  drilled  at  D  or  £  b< 
carried  up  into  the  air  and  the  end  not  closed,  the  water  will  rise  fa 
it  until  it  reaches  the  level  of  A.  ITie  height  to  which  the  water  wil 
rise  in  an  open  tube  attached  to  the  surface  opening  of  an  artesian  wel 
is  termed  the  artesian  head.  At  all  points  within  an  artesian  basii 
below  the  level  of  the  artesian  head  water  may  be  expected  to  ris 
to  the  surface  and  overflow  when  a  well  is  drilled  and  projierly  cased 
But  if  the  8urfa<»e  of  the  ground  is  above  the  horizon  of  the  outcro 
of  water-l)earing  bed,  the  pressure  on  the  water  will  not  be  sufficiei 
to  force  it  to  the  surface,  even  if  a  drill  hole  is  put  down  and  properl 
cased.  The  height  of  the  surface  within  an  artesian  basin  may  thu 
furnish  the  controlling  condition  on  which  success  in  searching  fc 
artesian  water  would  depend.  For  this  reason  the  pioneer  well  in  a 
artesian  basin  should  evidently  be  drilled  at  the  lowest  availabl 
locality  in  order  to  determine  the  artesian  head.  In  making  this  tet 
the  bottom  of  the  casing  in  the  well  should  be  just  above  the  watei 
bearing  stratum  and  securely  packed  on  the  outside  so  as  to  prever 
leakage.  If  a  well  has  a  surface  flow  the  height  to  which  the  watc 
will  rise  above  the  ground  may  be  learned  by  attaching  a  flexible  hoe 
pipe,  or,  in  fact,  any  kind  of  a  tube,  to  the  upper  end  of  the  casin 
of  the  well  and  carrying  it  up  a  ladder  or  trestle  until  the  wat€ 
stands  at  the  upi)er  end,  but  does  not  overflow."  When  two  or  moi 
water-charged  layers  are  present  in  an  artesian  basin,  wells  obtaii 
ing  water  from  different  layers  may  have  different  artesian  heads. 

Another  necessary  surface  condition  in  reference  to  most  artesia 
basins  is  that  the  margins  of  the  porous  beds  shall  rise  to  the  surfac 
and  be  exposed,  so  as  to  become  charged  with  water  from  rain,  melt 
ing  snow,  streams,  etc.  The  amount  of  precipitation  is  also  a 
important  factor,  especially  in  reference  to  the  number  of  wells  tha 
may  advantageously  bo  put  down  in  an  artesian  basin;  but  even  i 
regions  having  an  arid  climate  the  porous  be<ls  beneath  the  surfac 
so  situated  as  to  receive  water  at  their  edges,  and  from  which  it 
escap«^  is  prevented,  will  be  found  to  be  water  charged. 

As  the  pervious  beds  in  an  artiesian  basin  commonly  descend  to 


n Practical  hukkomHoiih  in  tbiu  <*onntH*tic)ii  tins  presented  in  the  papera  No.  3  and  No. 4  in  the  Ui 
at  the  end  of  this  report. 
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considerable  depth  below  the  earth's  Murface,  the  water  which  eucapeH 
from  them  when  drill  holes  are  put  down  is  usuaily  warmer  than  the 
water  in  neighboring  dug  wells.  The  reason  for  this  is  that  the  tem- 
perature of  the  earth  increases  with  depth  l)olow  it>s  surfacfe,  as  is 
dlflcufised  below.  The  temperature  of  water  in  a  iwrvious  IkmI  is 
therefore  regulated  by  the  depth  of  the  IkhI  below  the  Hurfiw^e,  and 
several  flowing  wells  drilled  in  the  central  part  of  a  basin  shouhl  yield 
water  vrith  essentially  the  same  temperature. 

In  the  case  of  artesian  basins  generally,  the  wati^r  Hupply  is  fur- 
nished by  rain  and  streams  and  enters  the  i)erviou»  IkmIh  at  their  out- 
crops— ^that  is,  the  water  descends  into  the  i>ervi()U8  Iwds  from  alK)ve. 
There  are  instances,  however,  in  which  the  wat<»r  rises  from  below. 
If  a  basin  exists,  as  already  explained,  water  may  Ik^  supplied  to  the 
pervious'  beds  either  by  the  upward  leakage  of  a  lower  ix^rvions  l)ed, 
or,  as  is  illustrated  in  the  following  diagram,  by  fissures  in  the  rocks 
beneath. 

The  water  which  rises  through  deep  fissures  in  the  earth's  crust  is 
commonly' hot>,  and  when  it  appears  at  the  sui'fa<»e  forms  hot  springs. 
In  a  case  like  that  illustrated  by  fig.  3  the  pervious  bed  is  charged  by 


rio.8.— Ideal  sectioii  of  an  artesbui  basin  charged  with  water  rising:  from  below  through  a  flaHuro. 

water  rising  through  the  rocks  beneath  it,  and  artesian  wells  supplied 
by  it  would  have  a  higher  temperature  than  under  normal  conditions 
would  be  expected  from  their  depth.  More  than  this,  several  wells 
Wiled  in  the  central  portion  of  a  basin  which  is  supplied  in  the  manner 
JQ8t  explained  might  vary  greatly  in  temperature  according  to  their 
distance  from  the  subterranean  source  of  supply,  although  deriving 
their  water  from  the  same  pervious  bed.  The  artesian  head  in  the  case 
just  cited  would  depend  on  the  height  of  the  water  stored  in  the  pervi- 
ous hed,  but  could  not  exceed  the  pressure  on  the  incoming  water  from 
a  deep  source.  Where  there  is  a  subU^rranean  source  of  water  sup- 
ply for  an  artesian  basin  there  is  probabl}^  always  an  additional 
supply  coming  from  above,  so  that  both  the  pressure  and  temperature 
of  the  water  obtained  by  drilling  will  l)e  regulated  by  an  adjustment 
between  these  two  leading  conditions. 

There  are  other  conditions  than  those  just  considered  which  i)ermit 
a  surface  flow  of  water  when  wells  are  drilled,  but  so  far  as  the 
artesian  basins  to  be  described  lat.er  are  concerned,  it  is  unnecessary 
to  consider  them  at  this  time. 

Even  when  a  well-defined  artesian  basin  is  present  there  may  be 
qualifying  or  adverse  conditions  which  will  prevent  a  surface  flow  of 
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water  where  one  might  reaHonably  be  exi)ected.  These  ''aceidente,' 
as  they  may  i)erhap8  l)e  termed,  are  caused  by  the  fact  that  sheets  o 
rock  which  are  open  textured,  and  consequently  pervious,  in  one  por 
tion  may  l)ecx>me  ch)8e  textured  and  practically  impervious  in  anothei 
portion.  Also,  an  imperviouH  bed  may  be  fractured  so  as  to  alloTi 
the  water  to  e8cai)e.  In  Idalio  and  Oregon  the  rocks  which  are  beni 
so  as  to  form  basins  are  at  time«  traversed  by  dikes;  that  is,  moreoi 
less  vertical  slieets  of  rock  forme<l  by  molten  material  forced  upward 
into  fissures  from  deep  within  the  earth's  crust,  and  cooling  and 
hanlening.  There  are  still  other  lociilly  adverse  circumstances  whicli 
may  exist  in  even  the  best-defined  artesian  basins.  These  and 
other  questions  bearing  on  the  success  or  failure  of  artesian  welk 
have  been  discussed  by  several  writers,  and  for  a  more  complete  and 
critical  presentation  of  the  subject  than  it  is  desirable  to  attempt  at 
this  time  the  reader  is  referred  to  the  publications  mentioned  at  the 
end  of  this  report. 

8UIIFACK    INDICATIONS   OF    THE    PRBSBNCB    OF    HUBSUB- 
FACK  WATFR  UNDEIl  PRESSURE. 

The  presence  of  artesian  conditions  is  most  frequently  inferred 
from  the  struct  ui*e  of  a  basin,  but  confirmation  of  the  suppositior 
that  water  under  pressure  exists  below  the  surface  may  frequently  b( 
had  from  the  occurrence  of  warm  springs.  Such  springs  mayal8( 
furnish  evidence  in  reference  to  the  depth  to  which  a  well  should  Ix 
drilled  in  order  to  penetrate  the  water-charged  stratum. 

The  water  which  occurs  in  artesian  basins  has  descended  from  th< 
surface,  and  as  the  trCinperature  of  the  earth  increases  with  depth,  th' 
deeper  the  water  has  ix^netrated  the  rocks  the  higher  will  be  its  t^ni 
perature.  The  increase  in  the  temperature  of  the  earth  l>elow  a  deptl 
of  about  50  feet  in  temperate  regions  is  in  general  about  l""  F.  fo 
each  00  feet,  but  there  is  considerabhi  evidence  for  concluding  tha 
the  rate  of  increase  in  southern  Idaho  and  the  adjacent  part  of  Orego: 
is  approximately  1  '  F.  for  each  45  feet  in  depth."  In  temperate  lati 
tudes  the  increase  in  the  temi)erature  of  the  earth  should  be  reckone 
from  a  depth  of  50  feet  beloW  the  earth's  surface,  because  the  seasoni 
changes  in  temperature  extend'to  that  <lepth.  At  the  horizon  referre 
to  there  is  a  C(m.stant  temperature  which  agrees  with  the  mean  annuf 
temperature  of  the  locality  chosen.  In  the  portions  of  Idaho  an 
Oregon  under  consideration  the  mean  annual  temi)erature  is  approi 
mately  50°  F.  In  tropical  countries  the  depth  to  which  seasons 
changes  of  temperature  extend  is  less  and  in  arc^tic  regions  muc 
greater  than  that  just  stated.  If,  for  (example,  a  spring  in  the  regio 
referred  t-o  has  a  temperature  of  05"  F.,  or  15^  above  the  t-emperatur 

«The  facts  on  whi<;h  thiB  cunclnflion  in  bafHKl  arc  rtvorded  in  Bull.  U.  S.  Oeol.  Surrey  No.  W 
1902,  pp.  178-174. 
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of  the  stratum  of  no  seasonal  variation,  it  would  be  safe  to  conclude 
that  the  water  rises  from  a  depth  of  at  least  675  feet  below  that 
stratum  or  725  feet  below  the  surface.  As  the  freedom  of  escape  of 
the  waters  of  springs  is  usually  obstructed,  some  allowance  must  be 
made  for  its  cooling  as  it  rises,  so  that  in  the  same  eaye  just  cited  725 
feet  would  indicate  the  minimum  depth  to  which  a  drill  hole  would 
have  to  be  extended  with  the  hope  of  penetrating  rocks  in  which 
water  existed  under  sufficient  pressure  to  cause  it  to  rise  to  the  surface. 

In  artesian  basins  there  are  apt  to  be  localities  where  there  is  an 
escape  of  the  water  to  the  surface,  so  as  to  form  springs.  In  such 
instances  the  springs  usually  flow  throughout  the  year  without 
appreciable  changes  in  volume  or  in  temi)erature,  and  the  water  is 
above  the  mean  annual  temperature  of  the  locality  where  it  reaches 
thesurface.  Wliere  the  structure  of  the  rocks  suggests  tliat  an  artesian 
basin  is  present,  the  occurrence  of  warm  springs  within  the  basin 
is  an  assurance  that  water  is  present  under  sufficient  pressure  to  force 
it  to  the  surface  in  case  wells  are  drilled.  The  warm  springs  referred 
to  may  be  termed  natural  artesian  wells,  and  their  temperature  indi- 
cates the  depth  of  the  water-charged  bed  below  the  surface,  and  the 
elevation  of  the  locality  where  they  occur  gives  a  minimum  measure 
of  the  height  of  the  artesian  head. 

While  warm  springs  (or  those  ranging  in  temperature  from  about 
60°  to  100°  F.)  situated  within  a  region  which  has  the  structural 
features  of  an  artesian  basin  may  be  taken  as  evidence  of  the  presence 
of  a  water-charged  layer  which  would  supply  flowing  wells,  a  hot 
spring  (or  one  having  a  temperature  of  more  than  100°)  is  not  so  favor- 
able an  indication.  Hot  springs  ordinarily  rise  from  such  a  depth" 
that  even  if  they  come  from  a  well-defined  water-charged  layer  it 
would  be  impracticable  for  most  purposes  for  which  artesian  water  is 
QSed  to  reach  it  by  drilling.  Although  the  conditions  which  lead  to 
iihe  occurrence  of  hot  springs  are  not  well  undei-stood,  owing  to  the 
depth  from  which  their  waters  rise,  tliere  are  reasons  for  believing 
that  they  are  frequently  supplied  by  fissures  that  penetrate  deep  into 
the  earth.  The  irregularities  of  fissures  are  such  as  to  preclude  pre- 
diction as  to  where  they  occur.  In  the  case  of  every  hot  spring, 
however,  there  is  a  chance  that  if  a  well  is  drilled  near  it,  even  to  a 
Moderate  depth,  a  flow  of  water  will  be  secured,  but  in  such  instances 
the  flow  of  wat«r  obtained  should  be  classed  as  a  '*  developed  spring  " 
father  than  an  artesian  well.  The  fact,  liowever,  as  previously  ex- 
plained, that  water  rising  from  a  depth  through  fissures  may  charge 
the  pervious  beds  in  an  artesian  basin  rendei's  it  evident  that  both 
^ATm  and  hot  springs  demand  careful  study  in  conducting  a  search 
br  artesian  water. 
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ROCK8   OF  THE  REGION  EXAMINED. 


[iio.nL 


A  claHsificHtioii  of  the  most  common  rocks  of  southwestern  Idaho 
and  southeastern  Oregon,  sufficiently  accurate  for  the  present  pin> 
pose,  is  as  follows : 

{Ck)nglomerate,  sandstone  (in  part  hardened  so  as  to  form 
quartzite).  shale,  clay,  sana.  and  gravel,  together  with 
beds  of  volanic  dnst  and  volcanic  gravel  or  lapilli. 


Igneons  rocks  . 


Volcanic  rocks . 


Plutonic  rocks . 


Lava  flows . 


/Basalt. 
\Rhyolite. 


Fragments  [Basalticlanilli. 
blown  out  I  Rhyolitic  dust 
of  volcanoes.  I     and  tuff. 


Also  m  e  n- 
tionedaboye 
as  forming 
sedimentary 
beds. 


The  molten  material  like  that  extruded  from 
volcanoes  at  the  earth*s  surface,  but  which 
cooled  below  the  surface  in  fissures,  etc. 


SEDIMENTARY   ROCKS. 

The  stratified  rocks  of  the  region  examined,  or  those  composed 
of  fragments  of  older  rocks  which  have  been  spread  out  in  layers  or 
strata  by  the  waters  of  lakes  and  sti-eams,  comprise  conglomerate 
or  pudding  stone;  sandstones;  soft,  highly  calcareous,  usually  nearly 
white  shales;  loose  gravel,  sand,  white  volcanic  dust;  and  dark,  usually 
yellowish,  volcanic  gravel  or  lapilli.  These  beds  were,  for  the  molt 
part,  deposited  in  lakes  during  Tertiary  time. 

Examples  of  the  conglomerate  and  sandstones  referred  to  may  be 
seen  in  the  hills  near  where  the  Owyhee  joins  Snake  River,  in  the  iso- 
lated hills  near  Vale,  and  in  the  conspicuous  bluffs  to  the  southeast  of 
Malheur  and  Harney  lakes,  as  well  as  many  other  localities.  These 
rocks  are  usually  dark  yellow,  but  occasionally,  as  near  Narrows,  are 
nearly  white,  and  in  some  instances  are  suflBciently  compact  to  be 
used  for  building  stone.  Associated  with  the  layers  of  consolidated 
pebbles  and  sand  just  referred  to,  and  having  a  wide  extent  in  both 
Idaho  and  Oregon,  are  soft,  unconsolidated  light-colored  shales  and 
marls,  and  thick  beds  of  nearly  white  sand  and  light-colored  clay. 
Beds  of  this  general  nature,  aggregating  more  than  1,000  feet  in  thid^- 
ness,  underlie  Snake  River  Valley  between  Glenns  Ferry  and  Weiaer, 
and  form  the  conspicuous  white  bluff  along  each  side  of  that  stream. 
Similar  beds  occur  also  in  the  lower  portion  of  the  valley  of  Malheur 
River  and  beneath  the  rim  rocks  of  the  canyons  on  the  west  slope  of 
Stein  Mountain.  Light  colored,  and  in  part  greenish  shales,  OttV 
crop  on  the  west  side  of  Alvord  Valley,  where  they  pass  beneath  the 
sheets  of  basalt  forming  the  bold  eastern  face  of  Stein  Mountain.  Fine 
exposures  of  rain-sculptured  lacustral  sediments,  usually  of  a  peca- 
liar  light-greenish  tint,  occur  on  the  borders  of  OMryhee  River  near 
the  mouth  of  Jordan  Creek.    Similar  bods  are  present  also  in  the 


UL8.  OEOrOGICA 


WATER-SUPPLY  PAPER  NO.  78    PI..  II 


RC88KLL.]  8EDIMENTABY   BOCKS.  17 

mountains  of  X)wyhee  Connty,  Idaho,  and  are  an  extension  southward 
uf  the  thick  sediments  exposed  along  Snake  River.  This  same  forma- 
♦^^i  on -extends  northward  from  Snake  River  and  is  exposed  near  Boise, 
ana  in  the  valley  of  Payette  River.  From  its  abundant  outcrops 
along  the  last-named  stream,  it  has  been  termed  the  Payette 
formation  by  Waldemar  Lindgren.^ 

While  the  Payette  formation  has  a  wide  extent  in  Oregon,  and  pos- 
sibly reaches  to  John  Day  River,  where  other  similar  beds  outcrop,  it 
is  not  i)ositive  that  all  the  exposures  of  similar  material  as  far  south 
as  Harney  and  Silver  lakes  were  deposited  in  the  same  lake  basin. 
The  lacmstral  sediments  beneath  the  basalt  of  Stein  Mountain  have  a 
thickness  of  fully  1,000  feet,  and,  as  now  seems  probable,  are  older 
than  the  Payette  formation. 

Interbedded  with  the  sandstone,  shale,  etc.,  of  the  formations  just 
mentioned,  and  frequently  forming  a  considerable  and  at  times 
seemingly  the  major  part  of  their  thickness,  are  beds  of  exceedingly 
fine,  white  volcanic  dust.  This  dust  was  blown  out  of  volcanoes 
(luring  violent  eruptions,  and  falling  in  lakes,  or  being  washed  inte 
them  by  streams,  became  interbedded  with  other  sediments  or  inti- 
l  mately  commingled  with  them.  Pure  white,  stratified  volcanic  dust, 
from  10  te  20  feet  or  more  thick,  may  bo  seen  in  the  hills  on  the  lower 
course  of  Owyhee  River,  a  few  miles  south  of  Owyhee.  It  is  also 
splendidly  exposed  near  Beulah.  Out^jrops  of  material  of  the  same 
nature,  conspicuous  on  account  of  their  whiteness,  occur  beneath  the 
rim  rock  near  Diamond,  in  the  bortlers  of  the  small  valleys  in  the 
northern  j>ortion  of  Owyhee  County,  Idaho,  as  well  as  at  a  large 
numl>er  of  localities  in  the  bluffs  bordering  Snake  River. 

An  interesting  fact  in  connection  with  the  stratified  beds  briefly 
described  above  is  that  they  contain  the  bones  of  animals  which  are 
now  extinct,  but  which  lived  in  large  numbers  in  and  about  the  ancient 
lakes  in  which  the  sand,  clay,  volcanic  dust,  and  other  material  now 
exposed  and  eroded  into  hills  and  valleys  was  dei)ositod.  Throughout 
these  same  beds,  but  most  abundantly  in  the  thinly  laminated  white 
silts  and  beds  of  fine  volcanic  dust,  occur  fossil  leaves,  and  less  com- 
monly the  fruits  of  plants.  These  plant  remains  differ  from  the 
I  vegetation  living  on  the  earth  to-day,  and  reveal  the  nature  of  the 
iluxuriant  forests  that  flourished  in  the  now  arid  portions  of  the  far 
West  during  the  Tertiary  i)eriod  of  geological  histoiy.  The  fossil 
bones  and  impressions  of  leaves  and  fruits  referred  to,  and  also  the 
shells  of  fresh-water  mollusks  frequently  associated  with  them,  are 
:of  great  scientific  interest,  as  they  furnish  evidence  in  regard  te 
past  climatic  changes  and  the  gradual  evolution  of  life  on  the  earth, 
[and  enable  geologists  to  determine  the  age  of  the  beds  in  which  they 
occur. 


a  Eighteenth  Ann.  Sept.  U.  S.  Geol.  Sarroy,  Pt.  Ill,  pp.  69^34;  Twentieth  Ann.  Bept.,Pt, 
I  ID,  pp.  96-90;  Qeolofirio  Folio  No.  45. 
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The  sedimentary  beds  to  which  attention  has  just  been  directed 
are  in  many  instances  open-textured  and  of  such  a  nature  that  water 
will  readily  i)ercolate  through  them,  while  in  other  instances  they  are 
of  the  consistency  of  clay  and  tend  to  retain  water  in  the  porous  beds, 
if  any  is  present,  between  them.  These  conditions  indicate  that 
wherever  the  sedimentary  l)eds  have  been  bent  or  displaced  from  their 
original  horizontal  position  so  as  to  form  basins,  there  is  a  probability 
that  flowing  water  may  be  obtained  by  drilling  wells. 

It  is  reasonable  to  assume  that  quartzite  or  granite  is  present  beneath 
the  Payette  formation  and  associated  volcanic  rocks,  throughout  the 
Snake  River  Valley.  The  quartzite  is  usually  a  yellowish-white  and 
excessively  hard  rock,  and  was  orginally  a  sandstone,  but  has  been 
altered  or  metamorphosed,  so  that  the  separate  grains  of  quartz  sand 
are  no  longer  distinguishable.  The  granite  is  composed  principally 
of  conspicuous  crystals  of  quartz,  feldspar,  and  mica,  as  may  be  seen 
in  the  extensive  outcrops  in  the  mountains  to  the  north  of  Boise,  and 
is  of  deep-seated  igneous  origin.  When  either  of  these  formations  is 
encountered  in  drilling,  the  hope  of  obtaining  flowing  water  by  con- 
tinuing to  a  greater  depth  had  best  be  abandoned. 

IGNEOUS  ROCKS. 
^  VOLCANIC  ROCKS. 

The  rocks  which  came  from  volcanoes  are  by  far  the  most  conspicu 
ous  of  any  of  the  formations  in  southwest  Idaho  and  the  adjacent  pan 
of  Oregon,  and  are  no  doubt  of  greater  extent  and  thickness  than  th( 
associated  sedimentary  beds.  They  may,  with  sufficient  accuracy,  Ix 
classified  as  basalt  and  rhyolite,  but  a  critical  study  will  no  douh 
show  that  what  is  hei'e  termed  rhyolite  in  reality  includes  several  rocl 
species. 

Both  the  basalt  and  the  rhyolite  present  two  conspicuously  differen 
phases,  due  to  the  manner  in  which  the  material  composing  them  wa 
spread  out  on  the  earth's  surface.  These  rocks  while  molten  were  ii 
part  extruded  by  volcanoes  so  as  to  form  sheets,  which  in  man; 
instances  flowed  far  and  wide  over  the  surface  of  the  land  before  cool 
ing.  In  other  instances  the  lava,  while  yet  in  the  craters  from  whicl 
it  came,  cooled  sufficiently  to  l>ecome  rigid  and  was  shattered  by  stean 
explosions,  and  the  fragments  thus  j)roduced  were  blown  into  the  ai 
and  widely  distributed  through  the  action  of  the  wind,  etc.,  as  sheet 
of  volcanic  dust,  volcanic  gravel,  or  lapilli  and  angular  fragments 
frequently  of  considerable  size.  The  basalt  was  spread  over  the  sui 
face  of  the  land,  mostly  in  a  molten  and  even  highly  fluid  condition 
and  the  beds  of  fragmental  material  produced  were  relatively  small 
The  rhyolite,  to  a  great  extent,  was  shattered  at  the  time  it  wa 
erupted,  and  the  resulting  beds  of  fragments  were  probably  of  greate 
extent  and  thickness  than  th^  sheets  of  the  same  material  which  wer 
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spread  out  as  lava  flows.  This  diflference  in  the  behavior  of  the  vol- 
canoes from  which  the  comparatively  fusible  basalt  was  erupted  and 
of  the  volcanoes  from  which  the  more  refractory  rhyolite  was  dis- 
charged is  of  much  significance  in  reference  to  the  nature  of  volcanoes, 
but  can  not  be  discussed  at  this  time. 

The  basalt  is  a  black,  compact  rock,  but  is  frequently  cellular  and 
even  scoriaeeous  on  account  of  the  presence  in  it  of  steam  cavities, 
and  in  many  localities  is  columnar.  In  the  region  under  review  it 
occurs  in  widely  extended  sheets,  which  in  general  vary  in  thickness 
from  about  20  to  80  feet.  Fine  examples  occur  all  along  Snake  River, 
but  more  especially  on  the  northern  side  of  its  canyon,  in  the  canyon 
of  Brnneau  River,  and  in  the  hills  and  mountains  of  Malheur  and 
Harney  counties,  Greg.  The  finest  exposure  of  basalt  in  the  region 
visited  by  me  in  1902,  if  not  the  most  remarkable  in  the  world,  is  to 
be  seen  in  St«in  Mountain.  The  eastern  slope  of  that  splendid  moun- 
tain is  composed  of  the  broken  and  eroded  edges  of  sheets  of  basalt, 
which  dip  westward  at  an  angle  of  3°  to  4°  at  the  crest  of  the  uplift, 
but  flatten  rapidly  when  traced  westward,  and  present  an  aggregate 
thickness  of  not  less  than  5,000  feet.  Between  the  sheets  of  basalt, 
as  ob8er\'ed  in  at  least  eighteen  instances,  there  are  beds  of  coarse 
8ai\dstone,  varying  in  thickness  from  a  few  inches  to  G  feet.  Where 
the  beds  of  sandstone  occur  the  sheets  of  basalt  are  in  general  about 
60  feet  thick.  From  this  and  other  similar  evidence  the  total  number 
of  lava  flows  which  oc<;ur  at  the  locality  referred  to  is  estimated  at 
between  80  and  100. 

The  widely  extended  sheets  of  basalt  just  referred  to,  like  the  sedi- 
mentary beds  with  which  they  are  intimately  associated — the  sheets 
of  basalt  and  the  beds  of  sandstone,  shale,  clay,  etc.,  in  many  instances 
alternating  one  with  the  other — are  of  ancient  date,  and  belong  prin- 
cipally to  the  Tertiary  division  of  geological  history. 

Volcanic  eruptions  have  occurred,  however,  at  intervals  from  the 
time  the  oldest  sheets  of  basalt  were  poured  out  in  a  molten  condition 
<lown  to  almost  the  present  day.  Recent  volcanoes,  which  discharged 
great  quantities  of  basaltic  lava  in  the  condition  both  of  lava  sheets 
and  of  angular  fragments,  occur  at  three  localities  in  southeastern 
Oregon.  One  of  these  is  situated  a  few  miles  west  of  Diamond,  Har- 
ney CJounty,  where  there  are  craters  that  are  built  in  part  of  scoria, 
lapilli,  etc.,  and  in  part  of  lava  sheets,  and  are  surrounded  by  exten- 
sive lava  flows.  This  group  of  small  volcanoes  may  with  propriety 
be  named  the  Diamond  cratei-s.  About  6  miles  northeast  of  the 
former  Bowdens  post-office,  in  Malheur  County,  and  approximately  18 
iniles  south  of  Owyhee  River  where  Jordan  Ci^ek  joins  it,  there  is  an 
isolated  crater  of  recent  date,  built  almost  entirely  of  congealed  lava, 
^hich  cooled  about  the  opening  in  the  earth  from  which  it  rose. 
About  this  Bowden  crater,  as  it  may  be  termed,  is  a  recent  lava  flow 
^hich  came  from  it  and  spread  over  at  least  150  sc^uare  mUft^  of.  <iXi\Mi- 
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try.  The  most  instructive  as  well  as  the  latest  of  the  three  recent 
eruptions  referred  to  occurs  in  the  east-ceutral  part  of  Malheur 
County  from  15  to  20  miles  west  of  Jordan  Valley,  and  the  hills  it 
built  are  here  named  the  Jordan  craters.  The  Cow  Creek  lakes  owe 
their  existence  to  the  obstruction  to  the  drainage  caused  by  the  exten- 
sive sheet  of  fresh  black  lava  which  came  from  the  most  northerly 
and  most  recent  of  Jordan  craters.  The  rocks  extruded  from  these 
recent  volcanoes  were  spread  over  the  surface  l>oth  as  lava  flows  and 
as  sheets  and  piles  of  fragments,  and  serve  in  a  most  instructive  man- 
ner to  illustrate  the  mode  of  origin  of  the  more  ancient  and  far  more 
extensive  accumulation  of  similar  rock. 

The  rhyolite,  like  the  basalt,  occurs  lx>th  as  massive  sheets,  which 
were  poured  out  from  volcanoes  in  a  molten  condition,  and  f ragmental 
deposits,  which  also  form  well-defined  beds.  Of  the  beds  originating 
in  these  two  ways,  the  sheets  of  angular  fragments,  now  in  many 
instances  firmly  cemenUrd  and  forming  a  rhyolitic  tuff,  are  far  more 
numerous  and  more  extensive  than  the  associated  rhyolitic  lava  beds. 
The  deposits  of  white  volcanic  dust  described  above  as  forming  a  i)art 
of  the  sedimentary  formations  are  composed  of  the  finest  of  the  frag- 
ments blown  into  the  air  by  the  volcanoes  from  which  came  the  mate- 
rial now  forming  the  sheets  of  rhyolite  and  of  rhyolitic  tuff. 

The  compact,  massive  rhyolite  is  lighter  colored  than  basalt,  and 
in  Idaho  and  Oregon  is  usually  purplish  on  fresh  surfaces,  but  weath- 
ers to  a  rich  brown  or  red.  It  contains  conspicuous  crystals  and 
grains  of  quartz,  feldspar,  and  other  minerals,  and  hence  usually 
appears  spotted.  Frequently  the  crystals  and  grains  referred  to 
exhibit  an  arrangement  such  as  would  be  produced  by  a  flowing 
motion  in  the  glassy  base  in  which  they  are  embedded. 

The  rhyolitic  tuff  is  composed  of  angular  fragments  of  the  rock  just 
described,  which  in  most  instances  are  firmly  cemented  so  as  to  form 
sheets  that  are  nearly,  if  not  fully,  as  resistant  to  atmospheric  condi- 
tions as  the  similar  material  which  cooled  from  fusion  without  being 
shattered,  as  may  frequently  be  seen  in  the  rim  rock  on  the  sides  of 
canyons  and  valleys. 

Extensive  exposures  of  rhyolite  and  of  rhyolitic  tuff  occur  in  the 
mountains  on  the  northeast  side  of  Harney  Valley,  sometimes  termed 
the  Crow  Creek  Mountains.  The  conspicuous  rim  rocks  on  each  side 
of  Rattlesnake  Creek,  near  Harney,  are  of  rhyolitic  tuff,  while  certain 
of  the  beds,  usually  cavernous  on  the  weathered  outcrops  lower  down 
in  the  walls  of  the  same  canyon,  are  of  rhyolite  which  has  a  peculiar 
concentric  or  spherulitic  structure.  Again,  in  the  bluffs  of  Silvies 
River,  to  the  west  of  Burns,  the  edges  of  a  thick  sheet  of  compact  tuff 
are  well  exposed,  and  similar  rock  has  a  wide  distribution  in  the 
forest-covered  mountains  in  which  Silvies  River  rises.  Other  expo- 
sures of  tuff  and  of  compact  rhyolite  occur  about  Silver  Lake,  at  Iron 
Mountain,  and  in  the  Mahogany  Mountains.    The  conspicuous  rim 
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rocks  in  the  vicinity  of  Diamond  are  composed  of  tuff,  and  similar 
rock  has  a  wide  distribution  in  the  hills  near  Smith  and  Mule. 

An  interesting  fact  in  connection  with  the  sheets  of  rhyolite  and  of 
rhyolitic  tuflf  in  southeastern  Oregon  is  that  they  are  younger  than 
most  of  the  basalt  of  the  same  region  and  overlie  it.  There  have  been 
eruptions  of  basalt,  also,  since  the  youngest  observed  sheet  of  rhyo- 
lite and  of  rhyolitic  tuff  was  spread  out. 

The  rhyolitic  tuff  is  in  many  instances  highly  porous  and  permits 
the  free  percolation  of  water  through  it,  but  in  other  instances  it  is 
firmly  cemented  and  probably  nearly  impervious.  The  compact  rhy- 
olite is  to  be  classed,  in  most  instances,  as  an  impervious  rock,  although 
its  weathered  outcrops  are  at  times  conspicuously  cellular.  The  pres- 
ence of  sheets  of  these  rocks  in  an  artesian  basin,  together  with  sheets 
of  basalt  and  stratified  sandstone,  shales,  clay,  sand,  et<\,  would  tend 
to  increase  the  variety  among  the  strata,  and  in  a  general  way,  at 
least,  be  favorable  to  the  storage  of  water  under  pressure. 

PLUTONIC  OR  DEinP-SEATED  IGNEOUS  ROCKS. 

The  molten  magmas  which  rise  in  volcanoes  and  in  part  overflow, 
so  as  to  form  lava  sheets,  also,  in  part,  cool  below  the  surface  in  the 
conduits  of  volcanoes  and  in  fissures.  Many  distinctive  features  in 
the  rocks  produced  from  the  same  molten  magma  arise  in  this  way, 
which  it  is  unnecessary  to  consider  at  this  time. 

Both  the  basalt  and  the  rhyolite,  which  occur  in  extensive  sheets 
in  Idaho  and  Oregon,  came  to  the  surface  through  openings,  as  fis- 
sures, for  example,  and  below  the  present  surface  it  is  to  be  c^xpc^ctc^d 
that  there  were  many  fissures  in  which  molten  rock  has  cooled,  so  as 
to  form  what  are  termed  dikes.  A  few  dikes  were  observed  in  the 
bold  eastern  face  of  Stein  Mount>ain,  and  indicate  that  others  may  be 
present  elsewhere.  Tlie  dikes  referred  to  are  nearly  vc^rtical,  vary  in 
width  20  to  60  feet,  and  are  horizontally  columnar.  As  is  well  known, 
dikes  have  frequently  led  to  the  hardening  of  tlie  walls  of  tlie  fissures 
they  occupy  and  for  this  and  other  reasons  their  presence  in  an  arte- 
sian basin  might  introduce  serious  difficulties  in  th(^  way  of  obtaining 
flowing  wells.  If  in  drilling  a  well,  the  locality  chosen  should  chance 
to  be  directly  above  a  dike,  it  is  probable  that  tlie  well  would  be  a 
failure,  even  if  the  usually  compact  and  hard  rock  of  the  dike  could 
be  penetrated.  Where  the  country  rock  is  concealed  beneath  deep 
sheets  of  soil,  alluvial  deposits,  etc.,  it  is  frequently  impossible  to 
detect  the  presence  of  dikes  in  the  rocks  beneath  the  surface  cover- 
ing, unless  they  are  encountered  in  drilling  or  making  other  excava- 
tions. So  far  as  can  now  be  judged,  however,  the  dikes  in  the  artesian 
basins  described  in  this  report  are  not  numerous,  and  the  chances  of 
striking  them  in  drilling  are  small.  A  greater  danger  lies  in  the  fact 
that  they  may  cut  a  pervious  bed  so  as  to  prevent  the  i)ercolation  of 
water  through  it. 
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CiEOLOCJICAK  8TRITCTURK. 

By  geologicAl  stnictiiro  is  understocMl  in  part  the  positions  occupiecl 
by  stratified  or  bedded  rocks  in  the  eart.h's  crust.  For  example,  sand— 
stone,  shale,  etc.,  originally  laid  down  in  horizontal  sheets,  are  no^V 
found  in  many  instances  to  be  inclined  or  folded,  and  often  occupy  f^ 
vertical  position. 

The  rocks,  both  sedimentary  and  volcanic,  which  underlie  south— 
western  Idaho  and  southeastern  Oregon,  were  at  the  time  of  theii^ 
formation  spread  out  in  nearly  horizontal  layers,  but  subsequently^ 
they  have  been  depressed  in  one  locality  and  raised  in  another,  and 
in  certain  instances  crushed  together  so  as  to  form  great  upward  and 
downward  folds.  In  other  localities  they  have  been  broken  along 
nearly  vertical  planes,  and  a  portion  of  the  strata  on  one  side  of  the 
break  has  \yeen  upraised  or  depressed  in  reference  to  corresponding 
strata  on  the  opposite  side ;  that  is,  the  beds  have  been  faulted.  Exam- 
ples of  gentle  tilting  of  previously  horizontal  sheets  of  rocks  through- 
out great  areas  are  furnished  in  the  broad  Snake  River  Plains  between 
Glenns  Ferry  and  Owyhee.  To  the  north  of  Snake  River  the  rocks 
are  now  gently  inclined  upward  to  the  north,  but  south  of  the  river 
the  same  beds  rise  when  followed  southward,  and  in  the  Owyhee 
Mountains  the  strata  are  more  than  a  thousand  feet  above  the  posi- 
tion they  occupy  beneath  Snake  River.  This  uptilting  of  stratified 
beds  is  well  displayed  in  the  hills  near  the  point  where  Snake  River 
first  crosses  the  Idaho-Oregon  boundary.  These  remnants  of  form- 
erly much  more  extensive  strata  indicate  not  only  the  way  in  which 
once  horizontal  beds  have  been  tilted,  but  hear  evidence  as  to  the 
great  amount  of  denudation  that  has  occurred  throughout  an  extensive 
region. 

Broad  and  comparatively  gentle  elevations  and  depressions  of  once 
horizontally  stratified  rocks  occur  also  in  other  portions  of  the  region 
examined;  as,  for  example,  in  the  neigh lK)rhood  of  Harney  and  Burns. 
The  rocks  beneath  the  extensive  valley  in  which  Malheur  and  Harney 
lakes  are  situated  slope  upward  in  the  hills  and  mountains  about  the 
borders  of  the  basin,  as  is  well  shown  in  the  walls  of  the  canyons  on 
the  west  side  of  Stein  Mountain,  in  the  Crow  Creek  Mountains,  on  the 
border  of  the  canyon  of  Rattlesnake  River,  in  the  hills  west  of  Burns, 
and  several  other  localities.  In  general,  all  about  the  Harney  basin, 
as  it  is  convenient  to  term  the  great  depression  in  w^hich  Malheur  and 
Harney  lakes  are  situated,  as  well  as  in  the  country  draining  to  them, 
the  rocks  are  upraised.  This  basin,  however,  is  not  a  simple  saucer- 
shaped  depression,  but  has  irregularities,  and  is  due  to  the  association 
of  several  areas  in  which  upheavals  or  depressions  have  occurred. 

The  broad,  gentle  undulations  in  the  rocks  just  referred  to,  which 
in  some  instances  have  horizon ital  axes  measuring  a  hundred  or  more 
miles,  are  promising  structural  features  in  reference  to  the  hope  of 
obtain Jn^  an  artesian- water  supply. 


wsmLL.]  GEOLOGICAL   STBUCTUBE.  23 

Of  smaller  size  than  the  broad  and  usually  Homewhat  indefinite 
swells  and  depressions  referre<l  to  above  are  upward  folds,  or  anticlines, 
and  downward  folds,  or  synelines.  These  are  similar  in  shape  and  in 
the  manner  in  which  they  are  produced  to  the  folds  or  corrugations 
that  may  be  made  by  pushing  one  side  of  a  pile  of  rugs  toward  its 
center;  or,  on  a  still  smaller  scale,  by  forcing  together  the  Hides  of  a 
pile  of  newspapers  so  as  to  compress  them  into  folds.  In  the  region 
under  consideration  there  are  several  examples  of  such  folds;  but,  as 
is  commonly  the  case  on  all  land  areas,  the  relief  produced  in  tlie 
manner  referred  to  has  l3een  greatly  modified  by  erosion.  The  upward 
folds  particularly  have  been  cut  away,  leaving  for  the  most  part  only 
their  basement  portions. 

A  striking  illustration  of  a  great  upward  bend,  involving  l)edded 
lava  sheets  having  an  aggregate  thickness  of  fully  5,()00  fet^t  and  a 
great  but  unknown  thickness  of  stratified  sedimentary  deposits  as 
well,  is  furnished  by  the  north  portion  of  Stein  Mountain  and  the 
several  parallel  nearly  north-south  ridges  to  the  east  of  it  and  north 
of  Alvord  Desert.     The  larger  features  of  this  rugged  l>elt  of  country 
are  due  to  the  erosion  of  a  great  anticlinal  fold,  the  longer  axis  of 
which  trends  about  northeast  and  southwest.     The  hard  layer  of  com- 
pact basalt  in  the  truncated  remnant  of  the  fold  now  forms  the  sharp 
crested  ridges  to  the  east  of  Juniper  and  Mann  lakes,  which  have  a 
gentle  surface  slope  on  one  side  and  a  steep  escarpment  on  the  other. 
A  characteristic  example  of  a  broad  downward  fold  or  syncline  may 
be  seen  from  the  summit  of  Stein  Mountain  on  looking  toward  the 
southwest  over  the  region  drained  by  Donner  and  Blitzen  River. 
The  longer  axis  of  this  basin  trends  in  a  north-south  direction  and  is 
inclined  downward,  or  pitches,  to  the  north. 

Accompanying  the  bending  of  rocks  so  as  to  form  corrugations, 
breaks  sometimes  occur,  and  the  edges  of  the  broken  layers  on  the 
sides  of  the  fracture  are  upheaved  or  depressed  with  reference  to 
each  other.  In  this  and  yet  other  ways  what  are  termed  **  faults"  are 
produced. 

When  the  rocks  have  been  ])roken  and  displaced  or  faulted,  the 
conditions  are  not  favorable  for  obtaining  artesian  water.  Even  if 
an  artesian  basin  is  present,  the  impervious  IxhIs,  which  would  other- 
wise confine  water  under  pressure,  may  be  broken  and  permit  the 
water  to  escape.  In  this  connection  it  is  to  be  noticed  that  hot  springs 
are  frequently  situated  on  fault  lines.  In  the  case  of  the  Stein  Moun- 
tain fault,  a  spring  with  several  surface  openings  having  tempera- 
tures ranging  from  168°  to  177°  F.  occurs  on  the  southwest  side  of 
Alvord  Desert. 

It  is  principally  from  the  study  of  the  structure  of  the  rocks  in  any 
region  that  the  presence  of  artesian  basins  is  to  be  determined.  The 
reason  why  structure  may  be  considered  as  the  controlling  condition 
in  this  connection  is  because  the  other  necessary  conditions,  such  as 
the  presence  of  pervious  and  impervious  layers  m  ».  ^«t\«^  ol  ^\?c%^>&^<^^ 
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rocks,  tho  presence  of  water  in  iKirvions  beds,  etc.,  are  of  commoii 
oceun*ence;  while  the  requisite  conditions  for  storing  water  beneatl 
the  earth's  surface  and  under  pressure  are  much  less  frequent,  and  il 
is  these  conditions  which  are  dependent  principally  on  the  positiom 
which  the  rocks  occupy — that  is,  the  geological  structure.  When  a 
saucer-shaped  basin  is  present,  the  chances  are  that  the  other  neces* 
sary  conditions  will  also  exist. 

ARTESIAN  BASINS. 

The  four  principal  areas  in  southwest  Idaho  and  southeast  Or^n 
in  which  art.esian  water  has  already  been  discovered,  or  in  which  con- 
vincing evidence  is  found  that  it  may  be  obtained,  have  already  been 
referred  to  under  the  names  of  the  Lewis,  Otis,  Harney,  and  White- 
horse  artesian  basiuH.  Such  facts  as  have  been  learned  concerning 
each  of  these  ])asins  as  are  thought  to  be  of  immediate  value  to  persom 
interested  in  the  development  of  their  artesian  conditions  are  her< 
presented. 

LEWIS  ARTESIAN  BASIN. 

The  portion  of  this  artesian  ])asiu  in  which  flowing  water  may  b 
obtained  is  situated  along  Snake  River  between  Glenns  Ferry  an< 
Weiser,  and  might  with  propriety  have  been  named  after  it,  excep 
for  the  possibility  that  other  artesian  basins  may  be  discovered  l 
the  extensive  region  it  drains.  Lewis,  the  less  frequently  used  bn 
more  appn)priato  name  of  the  Snak(»  River,  has  thei-efore  been  selecte 
as  a  ccmvenient  term  by  whicli  to  designate  the  art<esian  basin  unde 
consideration. 

The  rocks  on  each  side  of  Snake  or  Ix^wis  River  from  near  th 
mouth  of  Kinghill  Creek  westward  to  l>eyond  the  Idaho-Orego 
Iwundary  are  gently  inclined  or  dip  U)ward  the  canyon  of  tha 
stream  from  each  side.  The  inclination  of  the  rocks  is  most  reAdil 
seen  on  the  south  side  of  Snake  River;  as,  for  example,  in  the  higl 
lands  to  the  east  of  Bruneau  River,  and  in  the  hills  near  the  mont 
of  Owyhee  River,  wh(»re  the  strata  rise  when  traced  southward  at  th 
rate  of  perhaps  KX)  feet  to  the  mile.  This  rise,  although  gentle,  i 
sufficient  to  carry  the  strata  which  underlie  Snake  River  to  an  elevf 
tion  of  more  than  a  thousand  feet  above  its  surface  in  the  hills  an 
mountains  of  Owyhee  County.  On  the  north  side  of  Snake  River  th 
rocks  an^  seemingly  level,  but,  as  nearly  as  c^in  be  judged,  rise  gradi 
ally  to  meet  tlie  mount^iins  of  older  rock  to  the  north  of  Mountai 
Home,  15oise,  etc.  The  inclinations  of  the  rocks  just  referred  to  sho^ 
that  they  have  been  Ixjnt  into  a  broad  trough-shaped  depression,  th 
longer  axis  of  which  l)ears  alwut  northwest  and  southeast,  and  is  fo 
lowed  by  the  canyon  of  Snake  River  in  a  general  way  fmm  Glenn 
Ferry  to  the  Idalio-Oregon  boundary.  In  c^rt^in  localities,  howevei 
the  axis  of  the  fold  is  a  mile  or  two  north  of  the  river. 

y 


Rtrsmn.!.]  LEWI8   ABTESIAH   BA8TK.  25 

On  reaching  Snake  River,  in  1901,  I  observed  the  general  features 
pertaining  to  the  dip  of  the  rocks  just  referred  to,  and  at  once  recog- 
nized the  possibility  of  the  presence  of  an  artesian  basin.  Other  con- 
ditions confirming  the  truth  of  this  inference,  such  as  the  presence  of 
warm  and  hot  springs,  were  soon  discovered,  and  the  fact  was  learned 
that  several  successful  artesian  wells  had  already  been  drilled  in  Bru- 
neau  and  Little  valleys,  thus  demonstrating  that  water  under  pressure 
exists  below  the  surface.  In  1902  the  portion  of  Snake  River  Valley 
lying  west  of  the  region  traversed  the  previous  year  was  examined, 
and  the  structural  basin  referred  to  was  found  to  extend  beyond  the 
Idaho-Oregon  boundary  and  to  include  a  wide  extent  of  territory  in 
Or^on. 
.^^^he  eastern  end  of  the  Lewis  artesian  basin  is  for  convenience  con- 
sidered to  be  near  the  eastern  boundaries  of  Elmore  and  Owyhee  coun- 
ties, principally  for  the  reasons  that  this  is  the  eastern  limit  in  the 
canyon  of  Snake  River  where  land  suitable  for  irrigation  occurs 
below  the  artesian  head  of  the  basin  as  at  present  known,  and  also 
because  sufficient  study  has  not  as  yet  been  given  to  the  region  east 
of  the  counties  mentioned  to  justify  me  in  expressing  an  opinion  in 
reference  to  the  actual  eastern  extension  of  the  basin  in  question. 

The  margin  of  the  Lewis  art^ian  basin  can  not  yet  be  actually 
mapped,  but  within  it  is  included,  in  a  general  way,  the  Snake  River 
Plains  in  Elmore,  Ada,  and  Canyon  counties,  and  the  country  in 
Owyhee  County  which  is  drained  by  northward-flowing  streams.  In 
Oregon  its  boundary  is  still  less  definitely  known,  but  it  includes  the 
greater  part  of  the  northern  third  of  Malheur  County.  The  jwsition 
of  the  actual  boundary  of  the  basin,  or  the  line  from  which  the  rocks 
begin  to  slope  toward  a  central  axis,  is  of  much  less  practical  moment, 
however,  than  the  boundary  of  the  country  Iwlow  the  artesian  head. 

Ah- will  b6^^tatSd~iieh>^,^o  artesian  head  of  the  Lewis  artesian 
basin  has  not  l>een  accurately  determined,  but  provisionally  it  is 
taken  at  2,500  feet  above  sea  level.  Tliis  is  certainly  a  safe  assumption, 
as  flowing  wells  now  discharge  this  water  at  that  level,  and  others,  as 
determined  by  a  less  accurate  method  of  measurement,  namely,  the 
aneroid  barometer,  overflow  at  2,700  feet  above  the  sea.  This  indefi- 
niteness  is  due  to  the  fact  that  none  of  the  wells  in  the  basin  are 
properly  cased,  and  it  was  impracticabh^  with  the  means  at  my  dis- 
posal to  make  definite  measurement  of  the  water  pressure.  How- 
ever, the  area  tliroughout  the  greater  part  of  the  Snake  River  Canyon 
or  Valley,  which  is  between  an  elevation  of  2,500  and  2,700  feet,  is 
comparatively  small,  and  the  extent  of  territory  Ix^low  the  former 
level  is  probably  moi\^  than  sufticient  to  utilize  ail  the  art^^sian  water 
that  can  be  had  within  its  boundary.  ., 

The  tracing  of  the  territory  l>elow  the  known  artesian  head  in  the 
portion  of  the  Lewis  artesian  basin  which  is  situated  in  Idaho  is  a 
simple  matter,  as  most  of  it  has  been  survey eid  aTv(V  ^ee\\Y«k\j^  \^«wV«^v>x 
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maps  are  available.  The  maps  referred  to  are  published  by  the  United 
States  Geological  Survey,  and  comprise  the  following  sheets  of  the 
topographic  atlas  of  the  United  States :  Mountain  Home,  Bisuka,  Boise, 
Silver  City,  Nampa,  and  Weiser.«  By  consulting  these  maps  it  will 
be  seen  that  a  large  extent  of  territory  adjacent  to  Snake  and  Boise 
rivers  lies  below  the  2,600-foot  contour.  Practically  all  of  the  flat 
land  favorable  for  agriculture  adjacent  to  Snake  River,  between 
Glenns  Ferry  and  the  mouth  of  Boise  River,  lies  below  the  horizon 
referred  to.  That  is,  the  2,500-foot  contour  marks,  in  general,  the 
l)eginning  of  the  abrupt  slopes  which  rise  from  the  flat  lands  border- 
ing the  river  to  the  margin  of  the  plateau  above.  In  the  region  referred 
to,  where  the  surface  is  less  than  2,600  feet  above  the  sea,  wells  put 
down  to  the  requisite  depth,  which  will  be  discussed  later,  should 
yield  flowing  water.  A  considerable  extent  of  country  about  Nampa 
and  Caldwell,  much  of  the  valley  of  Boise  River,  and  of  the  Snake 
River  Valley  between  the  mouths  of  the  Boise  and  Weiser,  are  also 
below  the  2,50()-foot  contour,  and  so  far  as  can  now  be  judged,  wells 
put  down  in  this  region  should  also  yield  an  artesian  flow. 

There  are  no  good  maps  of  the  region  in  Oregon  embraced  within 
the  Lewis  artesian  basin,  and  it  is  impracticable  to  state  at  present 
where  the  plane  of  the  assumed  artesian  head,  2,600  feet  above  the 
sea,  intersects  the  surface.  Much' of  the  nearly  level  land  that  is 
otherwise  favorable  for  agriculture  adjacent  to  the  west  side  of  Snake 
River  from  where  it  first  crosses  the  Idaho-Oregon  boundary  north- 
ward to  the  vicinity  of  Weiser,  and  an  extensive  tract  in  the  lower  25 
miles  of  the  valley  of  Malheur  River  are  certainly  within  the  limit 
referre<l  to,  and  careful  tests  of  the  artesian  conditions  should  be 
made.  A  rough  estimate  of  the  extent  of  agricultural  land  in  Idaho 
and  Oregon  that  is  within  the  Lewis  artesian  basin  and  below  its 
known  artesian  head  shows  it  to  be  not  less  than  1,000  square  miles. 
-  As  the  conclusions  just  presented  will  no  doubt  be  considered  too 
sanguine  by  many  persons,  I  desire  to  indicate  briefly  the  evidence, 
other  than  the  geological  structure,  on  which  they  are  based,  and  at 
the  same  time  to  furnish  data  which  will  assist  in  the  more  complete 
development  of  the  artesian  conditions. 

SPRINGS. 

Within  the  Lewis  artesian  basin  there  are  a  number  of  warm  and 
hot  springs,  which  show  that  water  under  pressure  exists  below  the 
surface. 

Mountain  Home, — About  3  miles  east  of  Rattlesnake  Creek,  at  the 
locality  where  *'01d"  Mountain  Home  was  located,  there  is  a  flne 
spring,  or  group  of  springs,  with  a  maximum  temperature  of  167°  F. 

a  These  mapfi,  on  a  scale  of  about  3S  miles  to  1  incth,  with  a  contonr  interval  of  100  feet,  each 
sheet  including  aUmt  860  square  miles,  can  be  purchased  of  the  United  States  Gtodogloai  Sur- 
vey for  5  cents  each. 
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The  surface  level  Ih  alK)at  '{,550  feet.  The  water  in  of  ^(hh\  quality, 
but  is  not  now  utilized  except  in  a  small  way  for  liathin^.  No  attempt 
hftHbeen  made  to  develop  the  spring  by  lK)ring,  ulthougli  |i;<mm1  land 
occurs  near  at  hand  on  which  any  water  that  might  be  obtained  could 
be  used  for  irrigating. 

Boise. — Springs  issue  from  sandstone  of  the  Payette  formation,  4^ 
miles  east  of  Boise,  at  an  elevation  of  about  2,750  feet.  Th(»  wat;er 
has  a  faint  smell  of  sulphureted  hydrogen,  eonUiins  a  small  amount 
of  mineral  matter  in  solution,  and  varies  in  t^Miiperature  fi'om  125°  F. 
to  near  the  boiling  point. 

Salmoti  River. — A  small  spring  on  ilu*  l(»ft  bank  of  Suaki^  River, 
about  4  miles  above  the  mouth  of  SahiuiU  R1v(M",  ('iissia  County,  has 
a  temperature  of  131°  F.  Another  hot  spring  oecMirs  in  the  <'anyon  of 
Salmon  River,  a^bout  5  miles  above  its  mouth. 

LMle  Valley. — Near  the  heail  of  Little  Valley,  Owyhee  (-ouiity, 
there  are  several  warm  springs  and  one  small  hot  spring,  temperature 
lOr  F.,  which  is  now  partially  developed  by  drilling  wells  near  it  to 
a  depth  of  40  feet. 

Brunexiu  Valley. — Near  Hot  Spring  post-ofti(;e  there  are  several 
copious  springs,  with  a  temperature  of  100°  V.  One  of  these  has  been 
developed  by  drilling  a  well  near  it  to  a  depth  of  240  fe<»t.  The  well 
furnishes  7  gallons  of  water  per  minute/' 

Walters  Butte. — A  copious  spring  about  1  mile  west  of  Walters 
Butte,  Canyon  County,  where  the  elevation  is  2,340  feet,  has  a  tem- 
perature of  67°  F.  This  spring  is  very  likely  due  to  the  h^akage  from 
water-bearing  strata,  and  suggests  that  wells  put  down  in  its  vicinity 
to  a  depth  of  about  350  or  400  feet  would  yield  a  surface  flow  of  water. 
Near  Walters  Butte  there  is  an  area  of  about  4  square  miles  of  favor- 
able land  that  lies  below  the  known  artesian  head  of  the  basin  in 
which  it  is  situated. 

Enterprise. — On  the  south  side  of  Snak<»  River,  at  Enterprise, 
Owyhee  County,  there  is  a  spring  issuing  at  an  el<»vationof  2,220  feet, 
with  a  temperature  of  128°  F.,  which  dischargers  approximately  7  cubic 
feet  of  water  per  second  and  is  now  utilized  for  bathing  and  for  irri- 
gating about  10  acres  of  land.  The  water  rises  where  there  is  a  thick- 
ness of  nearly  1,000  feet  of  soft  lake  sediment  (Payette  formation) 
and,  iis  its  temperature  indicates,  comes  from  a  depth  of  api)roxi- 
mately  4,500  feet. 

Sands. — From  2  to  ^5  miles  west  of  Sands,  in  Owyhee  County,  and 
near  the  point  where  T^oison  Creek  desc(Mids  through  a  deep  (»left  in  the 
upland  and  enters  Snake  River  Valley,  thei'e  are  copious  springs,  with 
a  temperature  of  about  100°  F.,  which  are  used  for  irrigation.  These 
springs  rise  where  the  surface  level  is  approximately  2,450  feet,  and 
may  reasonably  be  supiwsed  to  l)e  supplied  by  the  leakage  of  porous 

iConcemin^  the  five  localition  mfrntioned  above*  additional  information  iH  presented  in  Bnll. 
U.  8.  Oeol.  Sorvey  No.  IW. 
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l)od8  in  the  Payette  formation.  They  oocur  within  the  Lewis  ifcrtesian 
basin,  nearly  up  to  the  known  artesian  head  of  that  basin,  and  are  a 
favorable  indication  that  wells  drilled  in  their  vicinity  to  a  depth  of 
approximately  1,000  feet  would  prove  successfal,  but  from  other  evi- 
dence it  is  to  be  presumed  that  flowing  water  might  be  ezx>ected  on 
drilling  to  a  less  depth.  To  the  north  of  the  conspicuoas  line  of 
bluffs  trending  northwest  and  southeast  and  passing  Sands  on  the 
south  is  a  large  tract  of  good  land,  embracing  in  fact  something  like 
100  square  miles,  which  is  l^elow  the  level  of  the  springs  just  referred 
to,  and  where,  one  is  justified  in  assuming  that  artesian  water  can 
bo  bad. 

Owyhee  Canyon, — In  the  canyon  of  the  Owyhee,  about  6  miles 
south  of  Owyhee  post-office,  there  is  a  copious  hot  spring,  which  issues 
from  openings  in  volcanic  rock  and  has  a  temperature  of  about  116° 
F.  But  little  irrigable  land  occurs  near  this  spring,  and  for  this  rea- 
son an  attempt  to  develop  it  and  concentrate  its  flow  would  at  present 
not  be  warranted. 

Vale, — At  Vale,  on  the  east  border  of  Malheur  River,  there  is  a 
spring  with  a  temi)eraturo  of  198^°  F.  Near  at  hand  a  well  put  down 
to  a  depth  of  140  feet  yields  a  strong  flow  of  water  with  the  same  tem- 
perature. These  springs  are  in  a  broad  region  underlain  by  the 
Payette  formation,  but  it  is  presumed,  are  supplied  by  fissures. 
These  springs  rise  at  the  west  base  of  a  prominent  hill,  composed 
in  part  of  cemented  gravel,  and  the  manner  in  which  they  are 
depositing  mineral  matter  suggests  that  the  pebbles  and  sand  in  the 
hill  wore  cemented  by  the  same  process.  Other  similar  hiUs  or  buttes 
are  situated  a  mile  or  two  north wanl,  and  another  is  a  conspicuous 
object  about  5  miles  farther  north.  Each  of  these  exceptional  fea- 
tures in  the  topography  of  the  valley  is  due  to  the  resistance  offered 
to  erosion  by  the  hanl  beds  they  contain,  and  suggest  that  in  each 
case  hot  springs  rising  through  the  Payette  formation  have  led  to  a 
local  hardening  of  its  more  porous  strata  and,  in  consequence,  their 
preservation  as  erosion  progi'esse<l.  This  suggestion  was  not  tested 
by  examining  each  of  the  hills  njferred  to,  but  maybe  of  interest  to 
students  of  geology  who  visit  them  in  the  future,  and  in  addition 
may  be  found  to  explain  the  manner  in  which  hot  springs  some- 
times occur  in  artesian  basins,  but  do  not  appear  to  have  any  connec- 
tion with  neighboring  artesian  wells. 

Westfall, — On  tlu»  stage  roa<l  between  Vale  and  Westfall,  in  sec.  9, 
T.  18  S.,  R.  43  K.,  there  is  a  spring  with  a  t-emperature  of  168°  F.  at 
an  elevation  by  aneroid  barometer  of  2,400  feet.  This  discharges  by 
estimate  about  2  mind's'  (California)  inches,  or  100  cubic  inches  iier 
sec(md,  but  the  total  flow  from  the  several  small  openings  is  probably 
greater  than  this.  The  waters  have  a  slight  odor  of  sulphureted  hydro- 
gen, and  are  depositing  lime  in  the  form  of  cellular  calcareous  tufa. 
The  water  is  used  for  bathing,  and  in  part  is  conducted  to  a  house 
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irough  a  pii»e  and  used  for  cooking,  etc.  A  Hinall  spring  near  at 
and,  supplied  by  percolation  from  the  alluvial  material  in  the  bed 
f  Bully  Creek,  has  a  temperature  of  54"^  F. 

The  hot  spring  just  mentioned  is  within  the  territory  included  in 
he  Lewis  artesian  basin,  and,  judging  from  the  approximate  mcHMures 
mulable,  is  below  the  artesian  head  of  that  basin,  but  owing  to  the 
lu^  temperature  of  its  waters  and  the  couHcquont  depth  from  which 
Ihey  rise,  and  the  nature  of  the  rocks  in  the  vicinity,  little  if  any  sig- 
uficance  in  reference  to  the  probability  of  obt^iining  artesian  water 
in  its  neighborhood  can  be  attached  to  it. 
Beulah. — Small  springs  in  the  valley  of  Warm  Creek,  near  Jieulah, 

liave  a  temi)erature  of  185°  F. 

DRILLED   WKLLS. 

In  the  portion  of  the  Lewis  artesian  hiiHui  examined  by  me  in  11)01 
it  wa8  found  that  several  moderately  deep  l>oringH  had  already  l)een 
put  down,  several  of  which  yielded  a  surfiice  flow  of  water.  Some 
aeooant  of  the  borings  referred  U)  was  presented  in  my  report  for  the 
year  named,^  but  for  the  purpase  of  bringing  together  all  the  avail- 
able evidence  furnished  by  borings  concerning  water  pressui-e,  etc., 
within  the  Lewis  artesian  basin  a  brief  iiccount  of  those  i)reviously 
described  is  here  inserted. 

Boise, — ^To  the  north  and  east  of  Hoise  and  within  2  miles  of  the 
city  several  flowing  wells  liave  l)een  obtained  by  drilling  in  the  Pay- 
ette formation,  and  the  water  they  supply  is  now  utilized  for  city  pur- 
poses. Boise  is  fortunate  in  i>osses8ing  both  cold  and  hot  artesian 
wells.  The  following  facts  concerning  them  are  compiled  from  a 
report  on  the  geology  of  the  Boise  region  of  Waldemar  Lindgren.* 

The  several  cold  artesian  wells  at  Boise  (temperature  about  55""  F.) 
are  situated  in  the  gulches  north  of  the  city  and  at  an  elevation  of 
about  2,750  feet.  They  vary  in  depth  from  400  to  GOO  feet,  but  since 
this  information  was  obtained  some  of  them  have  been  deepened. 
The  materials  passed  through  in  Hulls  (Tulch  are  sand  and  sandstone, 
200  feet,  and  clayey  beds,  200  feet,  below  which  water  was  obtained. 
In  the  deepest  well  there  are  below  the  clay  40  feet  of  sand,  20  feet 
of  clay,  and  46  feet  of  solid  basalt,  below  which  clay  occurs  again. 
These  wells  yield  from  40  to  250  gallons  i)er  minute,  and  their  com- 
bined flow  is  stated  to  be  about  <)70  gallons  per  minute.  The  water 
is  stored  in  a  covered  reservoir  and  from  there  conducted  into  the 
city  water  mains. 

Two  wells  drilled  on  the  Davis  ranch,  in  the  next  gulch  north  of 
Hulls  Gulch,  to  a  depth  of  150  feet  yield  40  gallons  of  water  per 
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minute.  A  well  drille<l  to  a  depth  of  400  feet  in  a  ravine  south  of 
Hulls  Gulch  passed  through  clay  and  failed  to  reach  water  under 
pressure. 

The  hot  artesian  wells  at  Boise  are  situated  two  miles  southeast  of 
the  city.  Three  of  these,  the  water  of  which  is  piped  to  the  city  and 
extensively  used  for  heating,  baths,  etc.,  have  depths  of  394,  404,  and" 
455  feet.  The  character  of  the  rocks  penetrated  is  not  definitely 
recorded,  but  it  is  stated  that  the  drill,  after  passing  through  sand- 
stone, penetrated  several  sheets  of  basalt,  below  which  occurred  red 
volcanic  tuff  or  fragmental  volcanic  rock  more  or  less  thoroughly 
cemented  and  containing  much  black  sand.  The  combined  discharge 
of  the  three  wells  is  550  gallons  a  minute.  The  water  is  slightly 
charged  with  mineral  matter  in  solution  (about  300  parts  in  1,000,000) 
and  has  a  temperature  of  170°  F.  The  surface  elevation  is  nearlj 
2,800  feet,  and  the  water  is  under  sufficient  pressure  to  cause  it  to  rise 
in  a  tube  open  at  the  top  about  50  feet  above  the  surface,  or  to  an  eleva- 
tion of  2,850  feet  above  the  sea.  Several  wells  have  been  drilled  oe 
the  United  States  military  reservation  a  mile  east  of  Boise,  at  leasl 
two  of  which  discharge  warm  water.  Their  depths  are  450  and  482 
feet.  The  surface  elevation  is  2,850  feet.  From  the  first  mentioned 
a  small  flow  of  water  with  a  temperature  of  from  75°  to  140°  F., 
increasing  with  depth,  was  obtained.  The  second  gave  a  flow  of  about 
35  gallons  per  minute,  the  water  having  a  temperature  of  90°  F. 
These  wells  are  located  near  a  small  tepid  spring,  and  penetratecl  first 
130  to  160  feet  of  sandstone,  then  72  to  116  feet  of  hard,  black  lava 
(basalt),  below  which  occurs  a  series  200  to  250  feet  thick  of  clays  and 
red  basaltic  tuff  iiich  in  magnetite  (black  sand)  and  sometimes  con- 
taining also  iron  pyrites. 

Other  artesian  wells  in  the  neighborhood  of  Boise  are  briefly 
described  in  the  Boise  folio  referred  to  above. 

Both  the  cold  and  the  hot  artesian  wells  near  Boise  are  in  the 
Payette  formation  and  associated  and  interbedded  sheets  of  basalt 
which  underlie  the  Snake  River  Plains.  These  same  beds  outcrop 
on  the  border  of  Snake  River  Canyon,  and  south  of  Snake  River 
rise  to  an  elevation  of  4,000  feet  or  more  in  the  Owyhee  Mountains. 
These  facts,  together  with  the  geographical  position  of  the  wells  and 
the  elevation  at  which  they  are  located — that  is,  about  2,850  feet- 
render  it  at  least  possible  that  they  belong  to  the  Lewis  artesian 
basin. 

Bruiieau  VaUey, — In  the  upper  portion  of  Bruneau  Valley  there 
are  three  flowing  wells,  each  2i  inches  in  diameter,  which,  together 
with  the  numerous  hot  springs  of  the  same  region  briefly  described 
above,  show  that  an  abundance  of  water  exists  at  a  moderate  depth 
and  under  sufficient  pressure  to  cause  it  to  rise  to  the  surface  if  open- 
ings are  provided. 

On  W.  N.  Roberson's  ranch,  about  2  miles  north  of  Hot  Spring 
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postroffice  and  on  the  west  side  of  the  valley,  a  drille<l  well  having  a 
depth  of  240  feet  delivers  about  7  gallons  of  water  per  minute,  having 
a  temperature  of  109°  F.  This  well  is  within  a  few  feet  of  a  large  hot 
spring  having  the  same  temperature,  the  flow  of  which  was  not 
diminished  when  the  well  was  drilled.  The  elevation  of  the  surface 
at  this  jioint,  by  aneroid,  is  2,750  feet.  The  section  passed  through, 
as  reported  from  memory  by  Mr.  Rol>er8on,  is  as  follows: 

Section  at  Robernon'H  ranch. 

Foet.    InchuH. 

UghVooloTed  sandy  clay  (Payette  formation )  2JW5 

Qninilar  black  layer,  like  basalt  (volcanic  lapilli)  . .  10 

BhiB  clay  (Payette  formation) 4 

Bhck  lava Several  inches. 


Total  depth,  approximately 240 

The  water  is  used  for  household  purposes  and  for  irrigation. 
Nearly  opposite  the  well  just  described,  on  the  cast  side  of  the 
i  valley  and  at  an  elevation  approximately  50  feet  higher,  a  well  drilled 
to  a  depth  of  230  feet,  on  land  belonging  to  Mr.  A.  II.  Pence,  gave  a 
small  surface  flow. 

On  B.  Whitson's  ranch,  on  the  eastern  side  of  the  valley,  about  3 
miles  north  of  the  two  wells  just  mentioned,  where  the  surface  eleva- 
tion is  by  aneroid  2,750  feet,  a  well  700  feet  deep  discharges  about 
one-third  cubic  foot  of  water  i>er  second.  The  lemx)erature  is  reported 
to  be  90°  F. 

These  three  wells  derive  their  water  from  different  depths,  and 
seem  to  indicate  that  water  under  pressure  exists  in  at  least  three 
disconnected  pervious  layers,  or  else  that  a  source  of  supply  more 
deeply  seated  than  has  been  reached  by  any  of  the  <lrill  holes  yet 
made  charges  porous  beds  above  it  through  fissures.  The  abundance 
of  hot  springs  in  the  same  vicinity  apparently  favors  the  latter 
hypothesis. 

Little  Valley. — Near  the  head  of  Little  Valley,  \)  miles  west  of  Bru- 
neau,  there  are  five  flowing  wells,  which  range  in  depth  from  150  to 
215  feet,  each  drilled  with  a  2i-inch  bit  and  poorly  cased.  The  water 
is  of  good  quality  and  has  a  temperature  of  about  07"^  F.  The  flow 
varies  somewhat  with  seasonal  changes,  being  gieatest  in  wint<^r  and 
spring  and  least  in  summer  and  fall.  In  most  of  these  wells  the  pipes 
have  become  clogged  and  the  discharge  is  small.  One  of  the  stronger 
of  the  wells  delivers  in  August  a  gallon  of  wat(M-  in  seven  minutes,  and 
is  said  to  discharge  about  a  gallon  per  minute  in  winter.  Neighbor- 
ing springs  have  various  temperatures,  ranging  from  Sd""  to  59°  F. 

These  shallow  wells,  some  of  which  began  to  flow  when  a  depth  of 
^to  70  feet  was  reached,  are  in  a  broad,  deeply  filled  alluvial  valley 
and  evidently  depend  for  their  water  supply  on  an  alternation  of  per- 
vious and  impervious  beds  in  the  alluvial  deposits.  The  source  of 
^he  water  for  the  several  cold  springs  is  no  doubt  (he  creeks  which 
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flow  from  the  mountains  to  the  Houih,  but  the  wells  must  be  supplied 
from  a  deeper  source. 

Little  Valley  is  situated  within  the  I^wis  artesian  basin  and  is  lower 
than  the  flowing  wells  near  Hot  Spring  post-office,  in  Bruneau  Valley, 
but  the  wells  refern^d  U)  a]x>ve  do  not  furnish  a  test  of  what  may  be 
termed  the  true  artesian  condition  Near  the  wells  just  described, 
but  nearer  the  head  of  Little  Valley,  there  is  a  small  hot  spring  which 
rises  through  soft,  white  lake  beds,  and  which  has  a  t-enii>erature  of 
101°  F.  Fiv(^  drill  holes,  put  down  U)  a  depth  of  40  feet  in  the  imme- 
diate vicinity  of  this  spring,  resulted  in  a  marked  increase  in  the 
outflow.  The  discharge  is  now  alK)ut  one-half  cubic  foot  per  second. 
The  wells  are  not  cased,  and  there  is  reason  to  believe  that  larger 
holes,  with  pro^wr  casing,  would  le«wl  to  a  greater  discharge. 

Guffey, — In  the  small  valley  cut  by  Dry  Creek,  about  1^  miles 
southwest  of  Guffey,. Owyhee  County,  a  well  drilled  to  a  depth  of  568 
feet,  but  not  completed  when  examined  (July  12,  11102),  passes 
through  30  feet  of  loose  surface  gravel  and  then  about  538  feet  of 
soft  liglit-coveixid  strata  belonging  to  the  J^ayette  formation,  contain- 
ing three  seams  of  hard  matei'ial,  and  leac^hed  a  hard  rock,  x>erhapfi 
quartzite,  wliich  checked  the  drill.  The  well  is  3  inches  in  diameter. 
A  surface  flow  was  obtained  from  a  depth  of  1(50  feet,  and  an  addi- 
tional  flow  at  41G  feet.  The  discharge  is  nearly  1  cubic  foot  ol 
water  i)er  minute;  tern j)eraturo  7(4°  F.  The  well  is  not  cased  beloif* 
a  depth  of  38  feet.  Elevation  at  surface  2,375  feet,  or  about  16C 
feet  above  the  adjacent  jwrtion  of  Snake  River. 

In  a  small  gulch  at  Gufl'ey  and  about  120  feet  al>ove  Snake  River, 
a  well  bored  with  a  l^-in.  :  hand  auger  to  a  depth  of  30  feet  througb 
light-colored  beds,  i)robably  shale  of  the  Payette  formation,  at  first 
discharged  about  1  gallon  of  wat-er  per  minute,  but  has  since  ceased 
to  flow. 

CeniraL — Near  Central  (Barnard  Ferry),  in  the  Snake  River  Can- 
yon, and  from  7  to  0  miles  northwest  of  Guffey,  four  artesian  wells 
have  been  drilled.  All  of  them  are  situated  near  the  bottom  of  the 
valley,  and  within  a  distance  of  1^  miles  of  Central,  t-cward  the  south- 
east, where  the  elevation  is  approximately  2,300  feet.  The  records 
of  these  wells  are  as  follows: 

On  the  land  of  Alfred  Cox  a  3-inch  well  completed  in  June,  1902, 
Ims  a  dei)th  of  about  1,033  feet.  It  is  Ciised  from  surface  to  a  depth 
of  39  feet  and  discharges  by  estimate  one-half  gallon  of  water  per 
second;  temperature  100°  F.  Flowing  water  was  first  reached  at  a 
depth  of  G(X)  feet,  and  the  delivery  at  the  surface  steadily  increased  as 
long  as  drilling  was  continued.  The  water  brings  sand  and  gravel  to 
the  surface  with  it.  The  contract  price  of  the  well  was  25  cents  per 
foot,  the  owner  furnishing  wood  and  water  for  the  engine  used  in 
drilling.  The  casing  used  was  also  provicjed  by  the  owner  of  the  land 
and  cost  about  50  cents  per  foot. 
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Al>out  one-lmlf  mil©  west  of  the  Cox  well  a  boring  approximatoly 
l,dX)  deep  wiis  put  down  in  1901,  which  failed  to  reach  water  under 
sufficient  pressure  to  force  it  to  the  surface.  No  otlier  i-ecord  in 
reference  to  this  boring  has  b(»en  obtained. 

On  the  farm  of  P.  B.  Smith,  adjacent  to  the  land  of  Mr.  C'ox,  and 
about  li  miles  southeast  of  (/cntral,  an  artesian  well  drilled  in  lt)01 
has  a  depth  of  040  feet,  is  3  inches  in  diameter,  is  cased  to  a  depth 
of  30  feet,  and  discharges  about  one-third  of  a  gallon  of  water  per 
.second;  temperature  08'^  F.  Water  which  rose  to  the  surface  was 
lirst  reiw*hed  at  a  depth  of  ooO  feet.  At  7n()  feet  a  S(»am  of  black 
sand,  etc.,  was  penetrated  and  the  flow  of  water  increased.  At  the 
bottom  of  the  well  the  drill  dropped  al)out  '^  feet,  liaving  reached  a 
stratum  of  sand  and  gi*avel,  from  which  the  main  supply  of  water  is 
derived.  The  well  discharges  sand  and  gravel.  Cost  about  :?o  cents 
per  foot. 

On  the  land  of  Mr.  Barnard,  about  one-half  mile  southeast  of  Cen-^ 
tral,  a  well  drilled  in  1001  has  a  depth  of  about  1,035  feet,  is  '-)  inches 
in  diameter,  cased  for  a  short  distance  at  th(»  top,  and  discharges,  by 
estimate,  1  gallon  of  water  per  st^cond,  with  a  t<Mnp.M*ature  of  100^  F, 
At  Mr.  Barnard's  home,  in  Central,  a  well  drilled  in  1001  to  a  depth 
of  720  feet,  delivei*»  al)out  thr<M^- fourths  of  a  gallon  of  water  per  sec- 
ond, not  measured,  with  a  tem])erature  of  ')!)  or  loo"  F. 

The  four  wells  near  (Ventral  just  ri'ferred  to  wcn-e  all  drillcMl  in  the 
unconsolidated  lacu.stral  d(»posits,  mostly  sandy  <*lays  and  soft  shales 
of  the  Payette  formation.  A  notable  fact  in  conn(»ction  with  them  is 
that  no  sheets  of  ba.salt  were  encount(*red.  The  water  from  (»ach  of 
the  wells  is  used  for  irrigation. 

Enierpriae. — AlK)ut  .*U  r.iles  down  Snake  Kivcr  from  Central  or 
Barnard  Ferry  is  the  iM)st-offiee  known  as  Enterprise,  situated  near 
Warm  Spring  Ferry.  Within  a  radius  of  about  1|  mil(\s  of  Enter- 
l>rise  and  to  the  southeast  tln^re  are  \  arti^sian  wrlls. 

At  the  home  of  Georg(»  Newell  thoe  an'  J  flowing  wells,  one  with  a 
depth  of  *i4o  feet,  cased  with  LVUineh  \n\)i\  tcinpcratmc  of  S7"  F.,  an<i 
the  other  385  feet  deei),  G  inches  in  diannMiM-;  teinp<M-ature  '>o"  F. 
The  surface  elevation  is  about  JJJ'm*  f(M4.  Tlic  (low  of  water  from 
the  larger  well,  particularly,  is  stronu,  but  on  aecouni  of  leakage 
about  the  pipe  ccmld  not  1m*  incasurcd.  An  <'stiniatc  places  llie  com- 
bined flow  from  th(»  two  wells  at  about  1  gallon  pei-  seeon<l.  The 
water  is  used  for  irrigation.  About  1  \  miles  s( nil  Invest  of  Mr.  NewelTs 
home,  where  the  elevation  is  J, ."in.)  iVs't,  a  well  (Irjljcd  in  r.»01  lo  a 
<lepth  of  105  feet,  diameter  lo  incl^'s,  (liscliarire.s,  1)\'  <'stimat«\  about 
'2  gallons  of  watt^r  pm*  second;  tempeiatui-e  S7  F.  The  water  is  used 
for  irrigation.  This  well  was  l)egun  in  igneous  rock,  probably  rhyo- 
lite,  but  at  a  depth  of  a  few  feet  entered  clay,  and  Ixdow  the  clay 
iK*veral  changes  in  the  naluie  of  the  material  oceun-e<l,  but  an  accu- 
rate record  has  not  been  preserved.     Near  where  the  well  was  drilled 
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then*  is  a  small  spring:  of  warm  watier.  Approximately  one-half  m 
west  of  y\r.  Xewoll's  ranch,  on  land  r(»ix)rte<l  to  belong  to  Mr.  Shirk 
a  well  was  clrille*!  in  1S!»1  to  a  depth  of  about  5S0  feet. 

The  four  wells  just  referrcMl  to,  with  the  exception  of  th<»  10-iii 
well,  w<*n^  drilled  in  the  light-colored  se<limentary  beds  of  the  Pa 
ette  formation  and,  like  thos4»  near  Central,  have  surprisingly  hij 
t<»mperatur<*s  for  tln^li*  depth.  They  are  within  a  clistance  of 
milL*s  of  the  copious  hot  si)ring  at  Enterpnse,  which  has  a  tempt*! 
ture  of  12S'  F.,  and,  as  it  seems  justifiable  to  assume,  derive  a  part 
their  water  at  least  from  that  or  some  other  similar  source. 

Onfdrio, — 1'he  records  of  two  drill  holes  made  at  Ontario,  Orei 
an*  as  follows: 

A  well  owned  by  the  city  of  Ontario,  incomplet<>  in  Octol>er,  UK 
has,  as  I  am  informe<l  by  Mr.  A.  L.  Sproul,  of  Ontario,  a  <lepth 
1,025^  feet,  is  4  inches  in  dianu*ter,  and  reached  water  at  li»5  f(*< 
which  rose  to  within  «)  feet  of  the  surface.  The  material  pass 
through  is  saml  and  gravel  to  a  depth  of  ;^5  feet  and  the  remainc] 
blue  clay.  The  water  is  charged  with  gas,  which,  when  proiwi 
confined,  Vmrns  constantly.     Cost  of  the  well,  6750. 

The  well  just  <lescribed  is  situated  wheiv  the  surfaee  elevation 
betwe(*n  2,1(M)  aiul  2,lH)0  feet,  or  w(dl  1k?1ow  the  ai*tesian  head  of  t 
Lewis  artesian  basin.  The  well  is  not  cased,  and  the  rise  of  the  wai 
to  within  0  feet  of  the  surface  makes  it  probable  that  if  proper  tc! 
of  the  water  pressure  should  l>e  nmde  it  would  l>e  found  that  a  si 
face  flow  (*ould  be  had  by  putting  in  pitiper  casing. 

The  second  w(4l  at  Ontario,  owned  by  A.  F.  Bo3^er,  complete<l  S( 
tember,  r.M)L\  3  inchiss  in  diameter,  has  a  depth  of  215  feet;  wa 
ros(»  and  overflowed.  Gas  is  dis(*harged  with  the  water.  Mater 
passed  through:  Soil,  !(•  feet;  gravel,  20  feet,  aiul  the  balanci*  sha 
Cost,  jkKM). 

]\tle. — A  flowing  well  at  Vale,  Oreg.,  drilled  near  a  hot  spring 
a  depth  of  140  IVet,  as  aln»ady  statcnl,  dis(»harges  a  strong  flow 
water  so  long  as  tlu^  casing  is  not  obstructed  by  mineral  mat 
deposited  from  it,  and  has  a  t^Muperature  of  lOS^"'  F.  This  well  n 
beconsiden'd  as  a  developed  hot  spring  and  has  but  little  sign ificai 
in  n»fcnMiC(»  to  the  artesian  water  su])]>ly  of  the  basin  in  which  it 
located. 

Sifmni/n'ij. — Th(*  artesian  wells  near  (4ufTey,  Central,  and  Ent 
prise  coIl<H'tiv(»ly  pn»sent  certain  interesting  facts.  They  are  l<K»a 
essentially  on  a  line  extending  northwest  and  southeast  and  meas 
ing  about  1 1  h  niih»s.  At  the  w(*st  en<l  of  the  line  is  the  hot  sprinjj 
Enterprise.  Tli<»  depth  of  the  wells  and  their  temperatures  are 
follows,  beginning  at  (TufTey  and  ap]>roaching  Enterprise: 
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Depth  and  tempenttnre  of  tceUn  at  Griffey,  Central,  and  Entrrpn'se. 


Lc»calit7. 


Guffey 

Central 

I>) 

Do _ . 

I>> 

Enternripe 

Do 

Dry 

Enterprise  liot  «pring. 


Distance 
from  En- 
t»Ti>ri«<* 

llot 

sprint?. 

IVpth 

T» 

niiM^m- 
tnrf. 

Ti^mpt'itl- 

tur<'Kra- 

(iiiMit. 

.!///.«. 

/•;  rt. 

ih 

iinrHh' 

Hi 

ry.^H 

70  i 

IS.  43 

.*) 

l.():n 

1(H) 

11). «« 

4A 

940 

i>s 

18.  54 

m 

l,():r> 

KHi 

17.57 

:n 

V2{) 

1(M) 

i;J.40 

1 

:U() 

ST 

7.s:) 

I 

:?Hr) 

1N» 

H.87 

li 

10.*) 

ST 

a.io 

rjs  I 


The  tenii)erature  gradient,  it  will  be  lomeiiibcrod,  is  ohtained  by 
dividing  the  depth  of  a  well  below  the  stratum  of  no  seasonal  varia- 
tion in  temperature,  assumed  as  oO  feet,  by  tin*  number  of  degrees 
the  temperature  of  the  water  discharged  exe(»eds  llie  temperature  of 
Ihe stratum  of  no  seasonal  variation,  assumed  to  be  5n  F.  The  tem- 
perature gradient,  then,  shows  the  depth  in  feet  for  eacii  ineiH^ase  of 
1  degree  in  temperature. 

As  is  indicated  in  the  above*  table,  the  temp(»rature  gradic^nt  in  the 
Wjjion  considered  increases  in  a  conspicuous  manner  as  the  distance 
from  the  Enterprise  hot  si)ring  decreases.  An  exc(»ptional  increase, 
however,  Is  seen  in  the  case  of  the  last  well  mentioned  in  the  table, 
which, as  noted  above,  is  near  a  small  tepid  s[)ring,  and  no  doubt  for 
this  rea.son  shows  a  more  rapid  incn^ase  of  temperature  wit  li  depth  than 
any  of  the  others.  Not  considering  the  well  just  referred  to,  the 
temperature  gi*adient  increases  as  the  Knterprise  hot  spring  is 
approached,  but  the  rate  of  increase  can  not  be  accurately  determim  d 
from  the  data  available,  since  the  wells  are  not  eased  and  are  not 
supplied  from  the  same  stratum. 

The  facts  just  presented  seem  to  indicate  that  the  porous  beds  in 
the  Payette  formation  in  th(»  vicinity  of  Knterprise  are  supi)lied  in 
part  at  least  from  the  hot  spring  a(  that  i)lace.  A  legitimate  conclu- 
sion seems  to  l)e  that  the  rocks  beneath  the  I^iy<'tt(^  formation  are 
is»un»d  and  that  hot  water  rising  through  tin*  fissure  has  eharged  the 
porous  beds  above.  Whether  there  is  a  deop  artesian  basin  luMieath 
the  Payette  formation  or  not  then*  are  no  data  for  judging.  In  gen- 
eral, however,  hot  springs  rise  through  deep  lissures  an<l  are  probably 
in  most  cases  not  an  indieation  of  th(»  t)resence  of  a  true  artesian 
^>asin.  As  has  already  been  stated,  the  Lewis  artesian  basin  was 
fonned  by  a  ]>ending  of  the  locks  after  the  Pi\ye\W  Wv\^  nn vivvv  \\>:\Qv. 
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down,  and  this  bending  no  doubt  affecttnl  a  great  thickness  of  thft 
earth's  crust  l>elow  the  l)e<ls  now  forming  the  surface.  For  this  ream 
it  is  possible  that  a  true  artesian  basin  exists,  the  porous  beds  of  whidS 
fti-e  depressed  in  the  vicinity  of  Snake  River  to  a  dei)th  of  -^,000 tk\ 
5,0<X)  feet. 

In  addition  to  the  supply  of  water  reaching  the  Payette  beds  tn 
below,  the  shape  of  the  basin  an<l  the  fact  that  the  beds  comixnlli 
it  outcrop  in  the  hills  and  niountains  ]M)i'dering  the  Snake  Rlv 
Plains  on  the  north  and  south  niak(^  it  evident  that  additional  watif 
may  n*ach  the  central  part  of  the  basin  l)y  descending  from  thf 
sjjrface. 
y^  The  most  logical  <*onclusion  to  Ik.^  drawn  from  all  the  evidence  pp^ 
si^ntfMl  in  reference  to  the  i)robability  of  obtaining  water  in  the  Lewit 
artesian  basin  seems  to  be  that  flowing  water  may  be  expected  whei. 
a  well  is  so  drilled  as  to  p(Mietrat(?  deeply  or  pass  through  the  Pa}^tte 
formation  at  any  locality  within  its  l)orders  where  the  surface  elevft^ 
tion  is  less  than  2,5(K)  feet.  .  As  already  stated,  2,500  feet  is  the  mini- 
mum measure  of  the  artesian  head,  as  shown  by  existing  wells,  bilfc 
the  true  artesian  head  may  considerably  exceed  this  amount. 

The  wells  in  Bruneau  Valley,  as  shown  by  an  unsatisfactory  method^ 
namely,  aneroid  barometer  measunnnents,  have  an  altitude  of  5,70(J 
feet ;  and  the  artesian  head  at  Boise  is  about  -,850  feet.  It  is  not  safe 
at  present,  however,  to  accept  any  measurement  of  the  artesian  head 
in  excess  of  2,500  feet,  and  until  more  wells  are  drilled  all  attempts  t» 
obtain  flowing  water  should  be  confined  to  localities  below  that  hori- 
zon. It  chances  that  n(»arly  all  the  good  land  along  Snake  River^d 
in  the  lower  portions  of  Malheur  Valley  and  much  of  that  in  Boise 
Vall(»y  are  IhMow  2,5(M>  f(»et.  Abundant  localities  for  developing  the 
Lewis  artesian  basin  aiv  thus  available  and  shoiild  lie  tested  before 
attempts  are  made  to  obtain  artesian  wells  on  the  uplands. 

The  wells  drilled  in  Snake  River  Valley  at  Central,  Enterprise, 
Ontario,  and  other  places  passed  through  soft  strata  and  did  not  show 
the  presence^  of  beds  of  basalt  or  other  hai-d  rock  in  the  Payette  fo^ 
mation.  It  is  probable  that  only  soft  IhmIs  will  l)e  encountei-ed  in 
drilling  to  a  dci)th  of  about  1,0()()  or  1,l>(M)  f(H*t  in  the  i)ortion  of  Snak< 
River  Valley  between  (iufTey  and  Weisiu-,  but  no  positive  assurance 
that  such  will  be  found  to  bo  the  cast'  cfUi  at  pn^sent  be  given. 

A.'i  may  be  ,judg(Ml  from  tiie  facts  above  presented  in  referen(*e  t< 
the  occurrence  of  hot  springs  near  the  artesian  well  now  flowing,  th* 
most  favorable  localities  for  drilling  additional  wells  may  Ije  jissunie^ 
to  b(»  near  where  wai'in  or  hot  springs  rise  through  the  Payette  formfl 
tion.  A  (jualification  of  this  statement  is  suggested,  however,  by  th 
fact  that  the  hot  spring  at  Vale  is  dei)ositing  mineral  matter  in  tb 
beds  il  passes  through  in  rising  toward  the  surface,  and  presumabl. 
in  this  way  forms  for  itself  a  conduit  which  prevents  its  water  fmi- 
spreading  laterally.     This  exceptional  coudition  is  also  indicate<l  1>. 


sriMELI.. . 


(VriS    ARTESIAN    BASIN.  37 


the  t-xi'eptioiially  hi^li  tiMiiiK>mtiin»  of  \\w  spriiij^  rcffnvd  In.  In 
choosing  a  l(K*atio]i  for  a  well,  tln»n»f()re,  it  would  1m*  host,  at  Irast 
until  inon»  facts  are  jratl  10 red  in  this  eonneet  ion,  to  avoid  tin*  pn»\i!nily 
of  a  hot  spring  that  is  depositing  ealeareons  siliea,  tufa,  gypsnni, 
etc.  The  most  favorable  loeality,  so  far  as  1  ean  now  judgi*,  for  con- 
tinuing the  devidopnient  of  the  Lewis  artesian  basin  is  in  tin*  <*.\ti»n- 
sive  flat  in  the  Snake  River  Valley  to  the  north  of  Sands. 

KASTWART)   KXTKNSION. 

On  a  prc»eeding  pagi*  it  was  stat4»d  thai  tin*  Lewis  artesian  basin 
hegins  on  the  east  near  tlie  mouth  of  Kinghill  Cret^k,  that  limit  bei.)g 
chosen  mainly  for  tin*  r/ason  that  but  littlt»  land  suitabi(»  for  irriga- 
tion exists  in  the  canyon  of  Snake  Kiver  abov**  the  locality  menticnuMl. 
The  upraised  rim  of  the  basin  extends  fnrtlier  cast,  howi*v<'r,  but 
▼hat  its  limits  aiv  is  as  yet  unkimwn. 

hiinyreiK)rt  on  the  geology  and  water  rrsourcosof  tht*  Snako  Kiver 
Phiins"s<mie  facts  concerning  artesian  wells  in  and  about  the  Hock 
Creek  Hills  were  presented.  It  now  seems  not  improbable  that  Ilies<» 
irelUiaiv  in  i-eality  situated  in  the  Lewis  art <»sian  basin,  and  it  nuiy 
perhaps  be  shown  by  future  investigations  that  the  wonderful  si)rings 
in  Snake  River  Canyon,  iHMween  lUiss  on  the  west  and  the  neighbor- 
hood of  the  month  of  Salmon  ]{iveron  the(*ast,  may  be  due  to  tlu'  <'scape 
of  artesian  water  fnmi  th4»  same  basin.  While  there  ar<»  no  newly 
acquired  facts  1o  report  c<mcerning  the  region  JuM  referred  to,  lying 
south  of  Shoshone  Falls,  the  stinly  of  the  Lewis  artesian  basin  ci»r- 
tainly  indicates  that  the  probability  of  success  in  cim*  wells  are  drilled 
there  is  greater  than  seemed  cvifh'Ut  when  the  rep<Ht  on  the  explora- 
tions was  made  by  me  in  lOni. 

OTIS  ARTESIAN  BASIN. 

fhis  Valh'y  is  .s!tuate<l  on  a  <*re(»k  (»r  the  >aine  name  in  the  rxireme 
northeast  jjortion  of  Harney  County,  Oi-eg..  al>«>nt  «'•  miles  n<»i-lheast 
ofI)n»wsey.  The  valley  has  a  Hat  boiiom,  uH^aNurinir  by  estimate  r» 
byO  miles  in  diameter,  and  i'ontaiii'^  a  e(msidejalil<'  ainouiii  •»!*  good 
land.  AlN)Ut  1,IK)0  acn'S  ai'e  imw  umler  ii-riiral  ion.  The  valley  is 
umlerlain  by  wHlimentary  beds  consist  lug  iai'g«'ly  of  wliiic  volcanit* 
dust,  pivsumably  lMd<mging  to  the  l*ay«'it»'roi'ination.  The  b(»r<lering 
lUila lids  are  conipose<l  in  part  and  j) 'iliap*;  piincipallx  oi"  basalt,  but 
the  siMlimentary  beds  and  laycr>ni  \(»lcani«'  dnst  \\  liich  occur  beneath 
tl»e  Valley  have  also  Im'cu  ben  1  np\va!«l  in  its  «'le\at«'d  rim.  The  dii) 
ofthe  beds  about  the  east  si«le  dT  the  valley  is  west  or  toward  its<'en- 
terat  a  low  angle,  an<l  on  the  sonih  sid«',  as  is  revt^ilcfl  in  the  hills 
at  l)rewjk»y,  the  dip  is  northward.  My  examination  was  not  so  <*om- 
PWjis  I  desired,  but  I  think  \va>i  snlVicicMit  t«»  show  that  the  valh^y  is 
^Mruetural  basin,  on  the  nnc«-i  .•^id4•  of  which  there  is  p(M'hai>sa  break 
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or  fault.  The  sirueluiv  is  such  as  to  suggest  the  presciieo  c»f  an  ai-te- 
siaii  basin,  and  in  addition  <.H>pious  wann  springs  on  its  oastfrn  side 
show  that  water  un(h»r  pressure  exists  below  the  surface.  To  term 
tlie  ivgion  in  wliieh  Otis  Valley  is  loeated  an  artesian  basin,  however, 
will  l)e  justi(ie<l  only  when  the  presence  of  water  under  snflieient 
pn^ssure  to  foree  it  to  the  surface  is  <h»UK>nst rated,  but  the  conditious 
observed  s(mmu  to  warrant  a  careful  test  by  drilling.  The  pioneer  well 
should  b(»  [Mil  down  on  the  east  side  of  the  valley,  a  short  distaact?  to 
the  west  of  thr  warm  springs  ivferred  to.  Theai'eaof  the  land  l)elow 
the  lev(d  of  tlu»  artesian  head  suggested  by  the  elevation  at  which  the 
warm  springs  cnme  tn  ihe  surface  is  about  10  or  lo  square  miles. 

HARNEY   ARTESIAN  BASIN. 

The  region  embraciMl  within  what  is  here  termed  the  Harney  arte- 
sian basin  is  so  great  that  1  couhl  not  in  the  time  availal)le  examine 
it  witli  the  care  it  deserves,  but  I  crossed  it  ami  visited  various  eoiii- 
mandiiig  summits  so  as  to  sec  mcuvor  l<»ss  (hoi-oughly  its  entire  extent. 
The  area  eml)ra(*iMl  in  the  outer  rim  of  the  badn  includes  in  a  general 
way  tlie  region  drained  by  streams  which  during  the  rainy  season  flow 
\i)  Malheur  an<l  Harney  lakes,  and  includes  i)erhaps  two-thirtls  of 
Harney  County,  Oreg.  Thi'  principal  streams  referred  to  are  Silvies 
River,  which  Hows  s«)Ulhward  past  lUirns  and  enters  Malheur  I^ke 
from  the  north,  and  Donnor  and  lUitzen  Kiver,  which  rises  on  Stein 
]\b)untain,  Hows  northward,  an«l  also  outers  Malheur  Lake.  The  dis- 
tance* iM'twcm  the  sourcrs  of  tlh»s«'  two  streams  is  alx)ut  l:Jo  miles 
in  a  straigiit  line.  'I'lie  breadtli  of  the  (Miter  rim  of  the  basin  in  an 
fiisiwrsi  iliauu'tor  is  somewhat  imh-linitis  but  nu^asun^s  a]>proxi- 
iM;'.1«'ly  .*)"  iiiiU's. 

'I'he  <uiirr  rim  of  liio  llarm-y  arH-sian  l>asin  is  .sharply  limited  on 
tlh'  sonilirasi  Ijoui  nrar  Andi-ews  nortlirast  to  beyond  Juniper  Lake, 
a  disi.-MHM'  of  ."»'  or  i".-)  niilrs,  by  tlie  oast  l)ase  of  Stein  Mountain.  Its 
<a-.i<'rn  Itnidn-  is  in  tlir  Crow  C'ri-rk  llilN,  and  from  these  it  passes 
luHtliwanI  and  ciirvt's  abi»ut  tho  In-ad  branches  of  Silvies  Hiver,  and 
ilpii,  hrndingsuuthward.  pasM'S  to  tin- wi'stol"  Silver  Lake,  Iron  >[oun- 
lain,  and  M)utli  of  llarnry  I.akr  ti»  the  souhm*  of  Donner  and  I>litzen 
i;iv«'r.  'I'lie  bniiifr  is  Av«-ll  dermr«i.  r\c«'pt  in  tlie  broad  ivgion,  with 
i-omparaiivcly  mil*!  vr\w\'  lo  i  Ik*  south  west  of  Silvt»rand  Harney  lakes; 
wlhM'«'  the  strata  ai**  in  general  nearly  Hal.  The  l>asin  is  not  a  single 
sau<'er-sliaiMM]  dejn-e.ssion,  bin  emisists  of  at  least  two  troughs  «»r 
synelines,  one  in  thi*  region  drained  by  Silvies  Kiver  and  the  other 
on  the  west  sid(Mit'  .Sirin  Mounlainand  draine»l  by  Dtmnerand  Hiitzen 
Miver.  There  are,  besides.  (»ther  folds  and  irregularities  which  it  is 
not  neeessary  to  descriln*  at  this  time. 

The  statements  just  given  indieat*' tiiat  the  I larney  artesian  basin 
has  a  sti'tu'ture  such  as  is  favorable  for  the  aecumulation  of  water  in 
any  porous  iM'ds  which  may  be  ])ivsent,  l>ut  bef(»re  it  is  decisively 
pronoimrrd  un  artesian  \y-'"  -^ihev  evu\e\u-e  s\w\\\v\  W  <.\\>Uuned. 
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SPRINGS. 

There  ;iiv  several  warm  and  hot  sprhigs  in  the  broad,  jj:enerally  flat 
region  alK>iir  Malheur  and  Ilarney  lakes,  but  only  a  lew  of  these  were 
visited  by  the  writer. 

Burnt!. — On  the  border  of  Harney  VaUey,  beginning  about  3  miles 
sjoutliwest  of  lUirns,  a  number  of  sprin^^s  come  io  the  surfaee  at  the 
biise  of  a  eliir  of  basaltic  agglomerate.  These  liave  a  tcMujierature  of 
from  75'  to  80  V.  The  surfaee  eh»vat ion  is  about  4,1(m»  feet  by  ane- 
I'oid,  or  the  sauu*  as  the  general  level  of  tlie  broad,  thit  hinds  flooring 
the  valley  to  the  south  of  IIarn<^y  and  lUirns.  Tiiesc  springs  are  of 
considerable  volume,  and,  as  I  have  b(M*n  informed,  flow  throughout 
tlie  .>  (*ar  without  sensible  variations  either  in  volume  or  temx)erature. 
llie  water  is  drunk  by  stock,  but  is  not  used  for  irrigation  except  so 
far  as  the  raising  of  wild  hay  is  concernetl. 

Liitfe  SiKjc  Uin  Valhij. — A  number  of  springs  coim*  to  the  surface 
in  the  flat,  alluvial  lands  forming  the  bottom  of  Little  Sage  Hen  Val- 
ley, and,  spremling  over  the  land,  serve  to  irrigate  extensive  natural 
meadows.     Tlieir  temperatun*  is  in  general  0:r  to  ^W    V. 

Silrf  r  Lake. — On  the  west  siih*  of  Silver  Lake,  and  along  Silver 
Creek,  lM4ween  it  and  Harney  Lake,  there  are  several  warm  and  hot 
springs,  flowing  only  during  the  rainy  season,  thewati'rsof  wliich 
serve  to  naturally  irrigate  the  adjac**nt  lands.  TIh»  valley  of  Silver 
Creek  is  a  broad,  flat,  swampy  meadow,  on  which  gi'<»at  quantities  of 
wild  hay  are  cut  evciy  year. 

Hanuij  Lah. — To  the  southeast  of  Harney  Lak(»  and  about  one- 
half  mih*  from  its  shore,  there  is  a  spring  of  ch*ar,  tasteless  water,  with 
a  temperature  of  from  115  to  L^io  V.  The  volume  is  by  estimate 
alx>ut  Ti  gallons  p(»r  second.  An  attiMupt  to  utilize  the  water  for  irri- 
gation has  been  abandont^l.  Th<»  spring  is  situatetl  near  thc^  south 
liase  of  a  bold  hill,  composed  mainly  of  san»istone,  and  ris(»s  through 
soft,  usually  white,  lacustral  sediments  resembling  the  Tayetlc^ 
formation. 

ifallu  ur  Lakt. — In  the  bed  of  Malheur  Lake,  n<'ar  its  soutluM-n  rml, 
and  expo.sed  in  summer  when  llu»  lake  is  low,  there  are  small  springs 
witli  a  temperature  of  <'.4  V.  Copious  hot  spiiiigs  oc<-nr  near  tin* 
eastern  end  of  the  lake  and  at  a  distan<M»  of  I  (.r  .'>  miles  from  the  bold 
boKlering  uplands  of  t hi'  valley,  biil  the-e  wn-.*  not  visited  by  me. 

Smnmary. — All  of  the  >|)i-ings  enumerat<Ml  aboxc  jnesent  tin*  n>u;il 
characteristics  of  warm  and  Imi  spi-ings,  jini  rnrnisji  e\  idcjicr  that 
water  under  pressure  e.\i>ts  below  liic  .suifaee.  Tln'V  are  wi<hdy 
separated,  and  in  all  instances  except,  jierliaps.  al  the  i«»eality  neai- 
J^urns,  rise  through  the  soft  beds  which  llooi'the  Ilarney  basin.  Their 
high  temperature  in  s<»veral  instances  indicates  that  the  water  risers 
from  a  considerable  depth,  but  not  fi-om  a  de|)lh  gieattM-  than  that  to- 
which  the  beds  in  th(»  basal  j)oi'tion  of  the  basin  are  <lepre>sed.  In 
this  connection  I  mny  stntr  that   the  \aev\s\viv\  ^vivVv\\w\. -s  v-NvVvnsv^vV 
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beneath  4,500  feet  of  Imsalt  on  the  west  side  of  Stein  Mountain  dip  west- 
Avanl  at  an  angle  of  3'  or  4",  their  inclination  gradually  decreasing^ 
liowever,  with  distance  from  the  outcrop,  and  it  is  reasonable  to  assome 
that  they  pafss  under  Harney  Valley  at  a  depth  of  certainly  6,000,  and 
probably  of  10,(XX)  or  moi'e  feet.  Similar  evidence  of  the  great  thick- 
ness of  the  strata  which  an?  deformed  so  as  to  make  the  Harney  artesian 
basin  is  furnished  in  the  portion  of  its  upraise<l  rim  that  forms  the 
mountains  to  the  west  of  Harney  and  Hums.  Porous  beds  at  any  such 
•depth  as  that  just  considered,  however,  ai-e,  for  practical  purposes, 
beyond  the  reach  of  the  drill;  but  as  the  heated  water,  in  several 
instances,  rises  to  the  surfaci*  through  the  strata  forming  the  upper 
pr)rti(m  (»f  the  great  seri(»s  of  rocks  involved  in  the  deformation  of  the 
basin,  and  through  sedimentary  deposits  of  later  date  now  forming 
the  floor  of  Harney  Valley,  there  are  reasons  for  believing  that  the 
porous  l>eds  near  the  surface  have  been  charged  in  part  witli  water 
from  1k*1ow  and  furnish  artesian  conditions. 

DRILLED    WELLS. 

In  addition  to  the  testimony  furnished  by  the  geological  structure 
^ind  by  sijrings,  certain  lK)rings  made  near  Harne}'^  and  Burns  favor 
the  hope  that  flowing  water  can  be  had  at  a  moderate  depth  in  Ilaniey 
Valle}. 

Hiinieij. — Al>out  5  miles  east  of  Harney,  on  land  l)elonging  to  Fred 
Haines,  sec.  L^  T.  23  S.,  R.  32A  E.,  a  well  3  inches  in  diameter,  drilled 
in  1S!I0  to  a  depth  of  507  feet,  struck  water  at  a  depth  of  between  200 
and  WW  feet,  which  rose  to  the  surface.  The  well  is  not  cased,  and 
the  water  now  stands  0  feet  below  the  sui'face  and  has  a  temperature 
of  4!»  F.  The  nuiterial  i)assed  through  was  soft  to  a  depth  of  lOO 
feet,  and  below  that  depth  consisted  of  black  lava,  clay,  etc.,  but  no 
<lefinite  i-ecord  is  available.  This  well  at  lirst  yielded  a  true  artesian 
flow,  but,  as  nearly  as  can  Ix^  judged,  has  caved  in,  owing  to  lack 
of  casiiii::,  and  the  water  supply  at  present  is  ivoiw  percolation  through 
poious  beds  near  the  surface.  Thc^  temperature  of  the  water  now 
being  pumped  indicates  that  it  comes  from  about  50  feet  l^elow  the 
surface  and  has  its  ultimate  source  in  the  neighl>oring  hills.  The 
cost  of  drilling  the  well  was  81  per  foot. 

Bums. — A  well  drilled  at  the  expense  of  Harney  County  in  1803, 
at  a  h)cality  about  0  milos  southeast  of  l>urns,  in  s<?c.  13,  T.  23  S., 
R.  31  E.,  was  continued  to  a  depth  of  ^^^6  ft»et.  The  well  at  the  top 
has  a  diameter  of  0  inclu»s,  but  narrows  near  the  bottom  to  4  inches. 
At  tlu»  depth  of  350  feet  water  was  rea<'hed  whieh  rose  and  overflowed 
at  the  surface,  but  aft<M'  an  attempt  lo  improve  the  well,  made  in  the 
spring  of  r.K)2,  it  ceased  to  flow.  The  water  in  August,  1902,  stood  3 
feet  below  the  surface  and  had  a  temixM'ature  of  40"^  F.  The  first  100 
feet  of  material  passed  through  was  sand,  gravel,  and  soft  rock,  and 
at  a  greater  depth  hard  rock  was  penetrated,  but  no  record  as  to  its 
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Batun\Ke.,  is  availaltle.  Two  water-l>earing  strata  aw  sa'ul  to  liav<» 
been  reached,  one  at  350  feet  from  the  top,  ami  tlir  otJin-  at  tin*  hori- 
zon, when*  drilling  was  diseontinm^d,  naiuoly,  ><M)  fvv\.  The  (»utflow 
from  the  first  water-l)eariiijr  hiyrr  is  siiid  to  liavt*  lw'«'ii  small.  The 
well  is  ejise^l  with  iron  tubing,  «'»  ineh<»s  in  dianiriiM*,  to  a  drpth,  as 
re|Xirte<l.  of  450  feet.  The  eost  to  IFarney  County  was  >«i*,4<m»,  not 
including  the  easing.  The  drilling  was  doin*  hy  (i^'orgt*  \V.  K<»llogg, 
of  Salt  I^ike  City,  I'tah.  Work  is  s>ii(l  to  havr  Immmi  ahandoiuMl  on 
account  of  the  loss  of  drilling  to<^ls  in  th(»  well. 
\  A  well  drille<l  on  land  Udcniging  to  Thomas  MeCormiek,  about  5 
J    miles  southeast  of  Burns,  in  si»e.  li',  T.  .M  S.,  K.  iM  K.,  eomplt»t4Ml  in 

!l(i^K\  <j  inehes  in  dianieter,  has  a  total  dei)tli  of  ♦;s  t't-ri.  Tht*  water 
now*  rises  to  within  IJJ  feet  of  the  surface  and  yit*ldr«l  1(m»  gallnns  pi»r 
j  hour  by  puni])ing.  Tlu»  material  passed  throu;rii  was  soft,  and  water 
■  B reiK)rted  lo  have  Iwen  n*aehed  in  bluo  elay.  The  rnst  of  drilling 
j    thr  well  was  ^So  and  of  the  easing  «iM. 

\  Summanj, — Tlie  evidence  furnished  hv  tli(»  drill  holes  in  Harney 
,  Valh'v  is  meager,  Imt  so  far  as  it  gcx's  it  favoi-s  tin*  hop«' that  arte- 
I    siaii  water  can  be  had  throughout  an  ext«Misiv4»  territory. 

TlHMvell  near  Jlarney  and  the  county  W4»ll  near  Unrns  furnished 
flowing  water  an<l,  I  feel  justified  in  atVirming,  would  have  continutMl 
toliowand  t(»  furnish  a  valuable  water  sup|»ly  in  eaeli  ease  had  lliey 
iH*eu  i)n)iM'rly  eased  and  eared  for. 

Tin*  well  on  Mr.  McCormick's  land  is  trm  shallow  to  be  of  signili- 
fance  in  judging  of  the  artesian  <*onditions  at  the  locality  wIkmc  it  is 
siiuateil. 

N(»arly  all  the  evidence  1  have  b(»en  abh»  to  gather  in  refeience  to 
the j;eologi<»al  strueturr%  the  warm  and  hot  sj)rings,  and  the  results  of 
♦Irilling  eertainly  favor  the  conclusion  that  Ix'iieath  the  extensive 
plain  east  of  Harney  ami  r>urns,  on  which  Malheur  ami  Harney  lakes 
^nt* situated,  tliere  is  an  ailesian  basin. 

CVmditions  which  may  <»xcrt  an  advei-se  inllneiiee  upon  the  value  (»f 
Iho  l»asin,  .so  far  as  flowing  wells  are  concerned,  are  the  low  pass  on 
tlH«  northeast  of  Malheur  Lake,  throuirh  whi<'h  the  water  (»f  that  lake 
formerly  e.scaiHMl,  a n<l  tin*  somewh.Mt  indetinil<*  <'hara('ter  of  the  i-im 
<^f  the  basin  to  the  south  of  Silver  bake.  In  addition  ar<'  the  '^acci- 
<lcuts"tliat  may  1)0  present  in  any  aitesian  basin,  such  as  <'hangcs  in 
tht' texture  of  the  b(»ds,  the  occurrenc**  of  breaks  aei-oss;  the  strata, 
J»iil  the  prewMice  of  dikes. 

In  n'ft*rene<»  to  the  low  pass  \Nhich  extends  in  an  easterly  difection 
f nun  tht »  flat  country  east  of  Malheui*  Lake  through  tin*  hills  to  Cam]) 
^^'^'^'k,  it  is  evidently  the  lowest  |»lace  in  the  rim  of  the  Harney  arte- 
*^'«ti  ha.sin  and  may  pcrha[»s  det(»rmine  the  artesian  head  within  the 
^^sin,  hut  there  are  reasons  for  delaying  a  conclusion  in  this  connt»c- 
hon.  The  ehannel  referred  to  is  strongly  deliinul  ami  has  a  broad, 
*^M  floor,  formed  by  a  r(M*ent  basaltic*  lava  How.     The  bottom  of  the 
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previously  cut  river  clmiiiiel  is  thus  concealcHl  and  is  al  least  i*0  to  3< 
and  jwrhaps  more,  feet  Iwlow  llie  present  surface.  The  highest  i>oii 
in  the  pass  or  old  river  l)ed  (as  shown,  I  liave  l)een  inforuunl,  by  sui 
veys  made  with  the  view  of  drawing  olT  the  watei*s  of  Malheur  Lak 
for  i negation  purposes  in  3Ialheur  Valley)  is  but  "JO  f(^et  above  I h 
level  of  Malheur  Lake.  Evidently,  then,  the  buried  stream  ehanin 
beneath  tlie  lava  is  lower  than  the  broad  valley  lands  about  Malhei 
and  Harney  lakes  and  euts  across  any  porous  bed  that  oeeupies  tl 
entire  extent  of  the  basin.  If  water-eharg(Hl  porous  IkhIs  were  cut  l 
the  channel,  springs  would  Ik*  exiM^'ted  to  occur  in  it.  No  spring 
are  present,  however,  and  it  is  possil»le  that  the  silting  over  of  tl 
l>orous  l)eds  and  the  burial  of  the  silt  iK^ieath  lava  has  sealed  then 
so  as  to  prevent  the  escajK*  of  water  from  them.  While  this  is  in 
such  an  indetinite  hyjwthesis  as  it  nmy  at  fii*st  .seem,  it  does  not  remo\ 
all  anxiety  in  refei*ence  to  the  influence  of  the  old  river  chann 
referred  to  on  the  artesian  conditions  in  Harney  Valley.  The  iiue 
tion  here  raised  can  not  Ik»  answered  by  the  facts  now  known;  neith< 
can  a  i>ositive  opinion  1m»  expressed  in  refen»uce  to  thf*  positiim  of  tl 
rocks  to  the  southwest  of  Silver  Lake,  but  my  judgment  is  that  neitln 
of  these*  possibly  advei*se  conditions  is  of  suflicient  weight  to  discou 
age  the  drilling  of  te.st  wells  in  Harney  Valley. 

From  the  elevations  of  the  several  localities  at  which  warm  and  h 
springs  issue  and  of  the  surface  of  the  two  wells  referred  to  abov 
the  artesian  head  nuiy  be  assumed  to  l)e  at  such  an  elevation  th; 
wells  below  the  lev(4  of  Harru\v  or  Burns  would  furnish  a  surfa< 
flow  of  water.  The  area  of  the  basin  below  the  horizon  st at eil  c£ 
not  Ik?  accurately  told  at  present,  but  embraces  practically  all  tl 
level  land  in  Harney  Valley  about  Malheur  and  Harney  lakes  ai 
probably  also  the  flat  lands  in  the  valley  of  Silver  Creek  and  abo 
Silver  Lake.  Extensive  tracts  of  rich  land  in  the  region  draimnl  I 
Douner  and  Hlitzen  Uiver  arc  also  within  \\\o  area  in  which  ariesii 
water  may  reasonably  h^  (»xp;»ctcd  if  drill  holes  p;*opL»rly  cased  a 
put  down.  A  rough  estinmte  based  on  the  general  map  of  Oj'ego 
issued  by  the  Tniteil  Slates  Land  Ollicc,  indicates  that  the  an 
within  which  art(\sian  water  may  be  <*xpected  is  in  the  neighborho< 
of  1,(MH»  square  miles,  but  this  includ(»s  Malheur  and  Harney  lak 
and  the  swamps  bordering  them. 

To  test  the  artesian  conditions  in  the  llarney  basin,  wells  may  1 
l»ut  down  al  any  locality  below  the  level  of  Burns  i)r  Harney.  1\ 
haps  the  most  favorable  situations  an»  near  the  warm  and  hot  spriuj 
referred  to,  and  at  such  places  wells  should  be  drilled  on  the  side 
the  spring  chosen,  which  is  in  the  direction  of  the  center  of  the  bas 
or,  in  general,  toward  Malheur  or  Harney  Lake.  The  depth  to  whi< 
wells  should  1h»  drilled  must  be  determined  by  experiment,  as  suf 
cient  information  is  not  in  hand  in  reference  to  the  sections  expose 
in  the  rim  of  th<»  basin  to  warrant  a  judgment   in  this  connectio; 


KivfKLL]  WHITKHORSE    ARTESIAN    HASIN.  43 

Tilt* sm'i-ossf III  well  near  lluniey  and  ISurns,  ho\v«»wi\  su^;ri»sis  that 
favonil>le  results  may  be  oxiKvtod  anywlioiv  in  the  basin  bc^lnw  thrir 
snrfaeo  elevation,  at  a  depth  of  less  than  a  th(Misan<l  fret  and  )M»ssi- 
blynt  a  (U^pth  of  only  a  few  hiiinlnMl  iW\.  'V\v*  |)«»ssil)ilitirs  of  the 
biksin,  liowever,  will  not  Ue  exhau>»te<l  wIumi  liu*  lirill  lias  reached  a 
deptinjf  oven  l.niM)  ftH»i  <»r,  infl'»ed,  a!   a  depth  of  :»  or   !•»  linH*slhat 

lUOHMiri'. 

Ill  the  development  ol*  tlie  hasin  an  rlTm-l  .NJionid  Im*  niado  lo  dis- 
i-oviM'jillof  the waler-l>oarin<rl>i'dslhat  art*  pi-rscnt  within  a  irasonahle 
distance  l)elo\v  the  surface,  and  in  east*  ^«*vrral  w«'l!s  ar»»  drilh-d  near 
each  other,  they  should,  so  far  as  pra<*tieahU\  dn-ivc  ili^ir  watn-  sup- 
ply fn)m  diffeivnt  strata. 

WHITEHORSE  ARTESIAN  BASIN. 

Stdn  Mountain,  as  alivady  statinl,  is  \Ur  wcNttTu  slope  of  a  ^r^at 
aniii-liiie.  The  central  part  of  the  u[»\vanl  fohl  rriVn-rd  to  has  Imm'u 
dwply  eroded,  and  where  faults  oreni\  a  subsid4*nce  has  takt'U  place. 
ThcjHisition  of  the  central  and  now  <le4-i)ly  rroded  porlion  of  thi^^reat 
fold  is  (x'cupiiMl  by  Alvonl  Desert  and  the  sharp-rr(si<'d  rid  ires  run- 
ning: northeast  from  it.  Tt>tlieea.-!  of  i!n*  Stein  Monnt-jiin  ant iciine 
oriipward  fold  tln»re  is  a  llat-bolt(Mued  syncline  or  downwai<l  foM.  in 
vliii'li  Whitehorsi*  Valley  is  situated.  Thr  rm-ks  ln'iu-ath  tin>  valley 
itre  lH?nt  into  basin  slm]M»  and  the  rim  of  the  lia>iii  is  hiirh  on  all 
J^idos  except  the  one  adjacent  ti»  Alvnrd  \'all;'y.  TIh'  infk>  which 
liavelM»en  bent  so  as  to  f(n*m  a  basin  (Mnisist  nf  r.-ddish  and  hidwnish 
rhyolitir  tuff  in  whieh  an^rnlar  tra.irmmt-*  arc  ron>picnim>,  lilack 
l^is^ilt, and  li^ht-colored  and  nsuall\'  iirarly  whii;'  lacu>tial  M-diiiMMil^ 
and  sheets  of  volca!U<»  <lust,  rcscml)Iiiijr  tlmse  rhaiariniNt  !••  of  the 
iXvettefornuilion.  The  tliickn»*>.*^<>f  thi*  1)  'l>«'\jM)SiMl  In  ihc  iijuaisiMl 
rim  (if  the  basin — as,  for  example,  in  ilie  imnniiains  JM'tWfcn  Wliiie- 
hoist*  Valley  and  ()r<\tron  Canyon,  the  ne\i  valley  to  the  ea>l  -is  »*ev- 
^^'nil  thousand  fe«»l.  The  bold  blutVs  «ni  tli"  \ve>l  >ide  oT  « Jre-on  Can- 
Vun  (which  in  the  part  her<*  rcrciie.l  i  >  i^  .<  hi-oad  valley  with  >e\e]-al 
rjtnchcs  in  its  bottom)  are  formed  of  tin-  (.l^rs  ot'  liic  >liei-i>  oi'  j-t>ck, 
iii'^Ntly  basiilt,  which  dip  west  and  pa^s  under  \Vhiielioi*sr  \'aliey. 
'^'^'veral  s[)rinj<s  issuing  from  the  lilulV>.  well  a'>'>ve  tlieii-  base,  indi<*atc 
that  certain  of  tin*  IkmIs  are  waler  ehaiued.  i'liese  sj)rin;rs  may  r«*a- 
^>nal)lybe  supposed  to  l)e  the  leakage  rr«»in  the  ba^in  to  ilic  \Nest  and 
'^^'JfTjCfst  an  abundant  st«ire  of  water  bengal h  \Vhii«'lhnsc  \'alley. 

hi  the  southern  part  of  W  hitehoiM'  \'all  ■>.  ab(»ni  «'.  mile.s  south  *)t 
lli^'siteof  the  fornu'r  militai-y  |)o-ii  and  ai  an  cle\at ion  of  fully  !*)(» 
MalH)ve  the  jrcnerallevcl  of  the  lloorof  the  valley,  there  arc  si  n'in;rs 
^^'•di  a  tempiM-ature  of  about  ino  r\,  \vhich  rise  throu«i:h  soft  whilt* 
^ak<.»  heils.  In  the  northern  pait  of  the  valley,  about  in  nuies  nortli 
^f  the  site  of  the  former  military  post,  as  I  have  been  informed,  ther< 
^'^ another  warm  oi*  hot  sjn-ing. 
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The  facts  stated  above  are  such  as  to  warrant  a  i»arefiil  test  of  tlu 
ai'tesian  (M)nditions  in  Whitehorse  Valley.  A  boring  should  l)e  mad€ 
near  the  warm  springs  in  the  south  en<l  of  the  Invsin,  a  few  rods  nortt 
of  the  localities  when*  their  water  now  reaches  the  surface.  A  boring 
At  Whitehorse  ranch  (the  former  military  post)  would  probably  yield 
flowing  water,  but  the  chances  ai'e  nearly  equally  favorable  all  alon| 
the  eastern  side  of  the  flat  lands,  which  extend  northward  from  the 
ranch  for  10  or  moi*e  mile.-*.  The  area  of  good  land  within  Whitehorse 
Valley,  where  it  is  reasonable  to  expec^t  that  flowing  water  can  be 
obtained,  is  by  a  rough  estimate  not  less  than  30  square  miles. 

In  the  structure  of  the  Whitehoi'se  artesian  basin  there  is  one  con- 
<lition  which  may  be  detrimental  to  the  occurrence  of  water  in  it  undei 
pressure,  namely,  the  lowness  of  the  rim  of  the  basin  on  the  west  side 
in  the  vicinity  of  Sand  Gap.  The  erodeil  borders  of  the  In^ds  emerg- 
ing from  iKMieath  Whitehorse  Valley  there  form  a  line  of  westward- 
facing  blufl's,  whi(»h  deflnethe  east  border  of  Alvord  Desert.  For  Iht 
reas(m  that  there  are  no  springs  along  the  base  of  these  bluffs,  how- 
ever, and  for  other  n^asons,  the  lowness  of  the  rim  of  the  basin  nee<i 
not  be  considered  sufficiently  iniportant  to  deter  the  testing  of  the 
Artesian  conditions  within  it. 

ARTE8IAX  WELLS  IX  ALLI  VIAL  DEPOSITS. 

In  regions  liki*  southern  Idaho  and  eastern  Oregon,  which  have  ai 
arid  climate,  and  where  bold  mountains  are  lK)rdered  by  wide  valleys 
the  streams  from  the  uplands  deposit  much  and  in  many  instances  al 
of  the  sand,  gravel,  etc.,  which  they  l)ring  down  from  the  high-grad( 
upper  portions  of  their  coui'ses  (m  the  boi-der  of  the  valley  whiel 
they  enter.  In  this  way  alluvial  cones  or  fans  are  built  alxnit  tlu 
mouth  of  gorges  where  they  open  out  onto  a  plain.  These  alluvia 
cones  are  not  infrequently  several  miles  in  radius  at  the  base  and  sev 
eral  hundred  or  jierhaps  2,(>00  or  :i,(HM)  foet  high.  The  apex  of  eacl 
cone  is  at  the  mouth  of  or  some  distanc(^  within  the  gorge  from  whicl 
the  debris  of  which  it  is  comi)osed  was  deriv(Ml,  and  f nmi  which  ; 
.stream  usually  flows,  at  least  during  a  ])art  of  each  year.  These  l3e<l 
^)f  debris  are  thus  in  a  position  to  become  water  charged,  and  thei 
structure  is  such  that  ixM'vious  beds  may  be  confined  between  imp^M 
vious  beds.  T^arge  alluvial  cones  may  thus  furnish  conditions  for  tin 
storage  of  water  under  j)ressun%  and  especially  on  the  outer  portioi 
may  yield  flowing  water  if  drill  holes  are  put  down. 

Alluvial  cou(»s  are  sometimes  greatly  extended  and  have  low  sur 
face  slope,  and  in  fact  merge  by  ins(»nsil>le  gradations  into  the  flooc 
plains  of  streams.  This  is  frcHjuently  tlu»  cast*  in  arid  regions,  wher 
the  vaUeys  are  in  many  instances  (h»ei)ly  fllUnl  with  alluvium.  Valley 
when  thus  partially  filled  have  broad,  flat  bottoms,  with  a  perceptible 
gradient  or  surface  slope  down  their  courses.  In  such  instAUces  th< 
surface  material  is  usually  fine,  but  becomes  coarse  at  a  depth  of  i 
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feH'feetorii  few  score  feet  below  tlu*  surface,  ami  as  thr  htsls  an*  ;r«'!it  ly 
iiielineil  the  coarse*  l)ed8  at  a  deptli  may  be  rliarpMl  wiih  waii-r  uikI^m- 
prpssure.  If  ttowiii^  water  is  (»btaini*(l  by  drilliii;:  in  alluvial  rones 
urAiHHl-plain  deiK)Hit.s  it  is  nornuilly  cold,  forilie  n-jiNnn  lliat  it  has 
nut  «l<»5MiMided  into  the  earth  far  4*nou^h  lo  Im*  infhifured  by  tlh'  inti*- 
riortnnpemturo  of  the  earth.  The  water  Is  similar  l«»  that  supplie<l 
by  hillside  s])rinjrs,  and  in  bbiho  and  Oregon  wouhi  iiave  a  teinp«'ra- 
tuw  of  about  o(r  F. 

Therean^a  few  l(»ealitiesin  the  re«rion  examined  liy  me  in  Maht)  an<l 
Un^'oii  whei-e  the  conditions  warrant  the  di-iilin^^  ot'  shallow  wflls  in 
alhnial  cones  t)n  fbiod  plains.  Some  of  these  hM'aled  in  Idaho  are 
mentioned  in  Bulletin  Il'U,  already  n-ftM-red  to.  In  Oregon  tests  of  the 
iiiUiin.*  n*ferit»d  to  shcndd  bt*  made  in  Willow  Crei-k  Valley,  t«)  the 
mirthwesi  of  Vale,  and  in  neighboring'  flat-bottom*'*!  valleys  wirh.*h 
liaveji  i)ereeptibl(»  downstream  sh)pe. 

The  alluvial  cones  on  t  lie  east  side  of  St«Mn  Mountain,  at  the  mouths 
of  j^ulches  down  which  sti-eanis  flow,  should  alsf»  be  t<'sted  with  the 
drill.  Tlie  most  proniisinji;  localities  t'orsueh  l«*sts  an*  from  tin*  outei- 
man^'in  of  a  cone  to  nii<lway  up  its  sh»p»'.  Wln'ii  tin*  <M)n«*s  ar«*  stei'p, 
however,  the  chance  of  water  bein^  stored  in  them  umlei-  pressure 
iWreitses  rapidly  as  their  summit  i>ortions  are  a[»pi'oaelnMl.  Tin-  lest 
ivferivd  to  should  ha  carried  down  to  at  h-ast  tin-  level  of  tin- Hat 
lamls  in  the  adjacent  valley  unle.ss  I'avfu-able  results  are  >ooiier 
rL-acfhi'd. 

SIZE  OF  i>kil.Tj  iiolks,  tiik  <'asix(;  ok  \vi:li>,  i:t<'. 

hi  the  development  of  the  artt»sian  eonditions  of  tlii-  L«'\\is  artesian 
basin,  as  experience  has  alrea<ly  shown,  li;rlit,  [M>r!ai»h' drillin;;  rius 
'^illlM'obably  be  all  that  are  re(iuired,  sine*'  iln*  i)ed>  to  In*  pmet rated 
aiv.s<jft.  In  the  other  artesian  basins  uanuMJ.  liowe\*-r.  ii  -.ems  Iiiiihly 
feirabh.'  that  only  the  most  (MVicieni  •»!'  diilliiii;  ma*-li!n.''>"  --liould  ])e 
t*niph)yed,  as  banl  rocks  will  hav<'  to  1h'  iMMieiiMiid  in  |)i')lrtl»ly  all 
^^cllsthat  aiv  more  than  a  v<M-y  few  Inindred  \'r*-i  iln  [i.  An  «\l«'Usive 
''XpmeiKM^  in  drilling  wells  in  iIh-  oil  lii'lds  of  tin*  I'lijii-d  Siau-s  lia>i 
Miowii  that  tlie  In^st  outfit  lor  us»*  in  iIh*  ariesian  l»a^in<  ot"  Oi-.-min  i> 
t^J'"  sqmuM'  derrick  walkin;^^-l)eain  v'lix.  in'«»vi(h'(l  wiiji  ih^  1m->i  1').)N 
^liat  ean  be  [U'cwnired.  It  Is  j>erliaps  immm11«'n>  io  m.M  thai  onl^v'  wrlj 
'li'illers  of  wide  experience  and  knoxNu  inl«\Lnily  sln»nld  he  rmjiloViMl. 
The  wells  to  be  put  down  should,  in  my  o[»ininn,  Im*  >  in<-li»'s  in  diam- 
^'ler, or  drills  (d' this  size  slnm id  Im' n*^e  ioa>.i:r«'ai  a  <h'|)tli  as  po^sihh* 
'x'l'un-  tapering  the  hole  to  any  smaller  si/e. 

///  ////  insfdnrp.s  flif  tn  Us  drl/if  'I  shufifil  In  trt  II  i-nsi  <l  ii'tl/t  ii'nn  cnsitK/. 
Xe;cleet  in  this  particular  has  UmI  to  lailui-es  in  many  instances  in 
both  Idaho  and  Orepui  wlu»n'  success,  as  ihere  are  r<*asous  for 
iKilieving,  would  havt^  been  attained  if  i>ro[»er  casing  had  been  put  in. 
For  llie  sakcM>f  emphasizinLr  the  statement  just  nnule,  it  may  be  truth- 
fully said  that  wnier  shonl<i  not    be  e\pec\ei\  \v>  vxse  \\v  wVAv-  vVyVWvvV. 
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tlirou^h  roeks  of  various  doseriptions,  many  of  Iheni,  as  is  iisuall; 
the  ease,  InMiig  iK)rous,  any  more  than  it  sliiuild  lieexjKH'ted  toremaii 
in  a  standpipe  full  of  holes  ri^^inj;  above  the  surfaee  of  the  gnmml 
The  wat<M'  in  an  art<»sian  w(*ll  is  under  pressure — fnMiU(»nlly  jn^a 
pressure* — and  tends  to  flow  hit  era  11  \*  \vh(»reverthe  roeks  are  jKirousi* 
fissuro<l.  Move  than  this,  the  walls  of  an  uneased  well  are  apt  tooav 
and  thus  render  useless  all  the  work  that  has  been  expeniled  on  it. 

In  drillin*;  a  well  th(»  i)i*essuro  of  the  water  at  eaeh  horizon  whoiv  i 
is  eneountere*!  should  be  earefully  tested,  (hio  way  of  <h)injr  this  i 
to  h)wer  a  lube  into  the  wt»ll,  sueh,  for  example,  as  a  t hree- fourths- inc 
inni  pipe,  with  a  leatlier  ba^  IiINmI  with  flaxseed  en<Mrelin«r  it  iieji 
the  lower  end.  The  pi^K*  should  be  lowerc»d  until  its  end  is  just  alnn 
the  plaee  where  water  was  struck.  In  sueh  an  experiment  the  fla: 
seed  will  swell  and  expand  the  ba^  containing  it  so  as  to  sliut  olT  tli 
€seape  of  wat<M'  about  the  outside  of  Mie  pi[H>  and  allow  it  to  rij- 
within  it.  If  the  water  overflows  at  tin*  surfaee  of  the  jji^round 
demonstrates,  of  courses  that  an  artesian  flow  has  be(Mi  S4»eured,  an 
if  the  pipe  is  continued  upward  the  h<Mji:ht  to  which  th<^  water  rise 
within  it  will  show  the  [irtesian  h(»a<l.  Other  sugjjestions  in  tliis  cei 
neetion  may  be  found  in  a  i)ai)er  by  Chamberlin,  and  in  a  rei)ort  o 
Nez  Perec*  ('(mnty.  No.  -l  aud  Xo.  iM,  if^spectively,  of  the  list  at  tli 
end  of  this  report. 

Wells  should  be  l(K*at(Ml  as  far  apart  as  praetieable,.  and  when  tw 
or  more  water-bearin<<  beds  are  presiMit  neigliborinj?  wells  should  hav 
diflerent  depths,  so  as  to  draw  their  water  supply  from  dilT(»rei 
sources.  The  distribution  of  wells  in  reference  to  the  diriH'tion  < 
flow  of  the  underground  water  is  also  imi>ortant.  Obviously,  if  thei 
is  to  be  a  series  of  wells,  mon»  or  less  in  line,  their  alignmc»nt  shoul 
be  at  right  angles  to  tin*  dircnition  of  underground  flow,  so  as  t 
decivase  to  a  minimum  the  influence  that  one  well  exerts  on  i 
neighbor.  Information  in  this  eonnc»ction  is  contained  in  the  pap< 
bj'  Chamberlin,  No.  '5  of  tin*  list  at  th(»  (*nd  (»f  this  n*i)ort. 

PUKSEHVATIOX   OF  WKI.T.   IJKC^ORDS. 

If  wells  are  drillcvl  in  the  artesian  basins  descriU^l  in  this  report 
ear(*ful  record  of  all  facts  conc(»rniiig  thcMn  should  be  preserved.  Th 
is  a  nuitter  of  great  inportancc  to  all  the  i)eople  interested  in  tl 
development  of  tin*  artesian  basins,  and  may  h^adto  a  great  saving  < 
money  in  oth(*r  directions.  As  a  i)ractical  in(*thod  of  obtaining  an 
pres(»rving  information  refernnl  to,  I  wish  to  suggest  that  it  be  mat 
the  oflicial  duty  of  the  county  cl(*i'k  in  (*very  county  where  drill  hole 
are  put  down  f(»r  any  i)Ui*pose  to  obtain  an<l  pr(*.s(*rv(*  a  re<»or<l  of  tl 
facts  relating  to  them.  To  assist  in  doing  tliis  a  schedule  is  hei 
inserted  which  can  be  print(*<l,  and  which,  after  b(*ing  filled  in  wit 
the  data  required,  should  be  flh*d  at  the  county  cl(*i'k's  ofliee  for  futui 
reference.  Thc^  schedule  referred  to  is  as  follows  (for  greater  eonv 
nieiwo  oiwh  item  should  be  given  a  se\vAYv\\v^  V\^w^^ 
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WELL  REomn. 

Omntv. :  State, . 


Omnty  rlerk. .     Xo. .     T)at»'.  —       -  -  -.  1iN»-. 

OwnpTofwell. .    Drillrrnf w«*ll.  .    Pn'it-«>fti<«*:nliln'8s, 

LiM'atioii  of  w**ll:  Township  --      ,  raiifrt*      -    .  mm-.  Wlu'ii 


O'lnpletetl. .    Howimt  «lowii:  Diik.  <lnvi*ii.  lM>r«Ml.  tlrilliMl.  .    Siz<« 

fTrliaiueter. .     I>»pth:  T<ital. f«'et:  to  watiT.  fvrX:  ilf])th  nf  \vat4»r. 

—  ft-et.    Did  \vat«'i*  riso  wIkmi  stnuk:' I)<  <'s  watrr  How  nvtT  ^urfare." 

.    Height  to  which  the  wat«T  will  list*  in  an  ojm*ii  tuIm'.  lias  the 

flrt'v diminishetl  or  iiicreaw*!? .     C^nality  of  wati-r:  Hani.  >nU.  s:ilty.  nlka- 

lim-. .    Teniiieratnre  of  tlie  water. .     II«iw  is  water  nnsfd.'         — . 

CWtdf  Well.  A .    Owt  of  mill  ami  piiiiip.  -s —  .     Is  tlie  well  i-aM«d;  .    ( 'ost 

ofcjiKinjf. .     Ainomit  i)umi>o<l  or  flow  jM'r  Inmr  or  chiy.  \Vat<T  nsi»(l 

ivr ,     Elevation  of  Hurf are. fe«'t. 

Strata  iiassed  through  and  n-iiwirks:  - 

LA  WS. 

AsthewatiT  supply  iiiaii  art«»sian  basin  may  lMM'(»nn»  ni"  iinporiainv 
t«»n  large  iinin]M>rof  <*itiziMis,  it  is  dhvioiis  that  laws  j,^<»v(»riiiii^  its  nsc» 
ari'as  newssary  as  the  laws  rdatiii^  to  siirfac*'  watei's,  bill,  so  far  as  I 
amawaiv,  only  one  attcMupt  to  plaer  lt»*ral  r^^strietions  on  tlit»  nliliza- 
ti»n,or  ratheron  tho  wastes  of  subsurface  waters  has  1m»oii  niatU'  in  tiiis 
t'ountry,"  and  tliat  act  fails  in  two  particulars  to  meet  Mie  riMpiirr- 
nients  outUnetl  alK)V4*— the  proper  easing  of  wells  is  not  made  obliji::a- 
ton*,  and  the  filling  of  abandoned  wells  's  not  provi<bMl  for.  Kaeh  of 
Ihest'  regulations  is  hij^hly  important. 

Tlieprineiiml  restrictions  and  e<»n<liti(»ns  whieli  it  is  tlesirabh»>iimild 
l>^'wtablished  and  enf<n*<M»d  by  law  an'  as  follows: 

1.  Krert/  flnll  hole  in  (in  urf^sinn  Imsln  shtmhl  Ik  ftrojn  rhj  riistil, — 
I>.vthisis  meant  thatan  iron  easin;^or  tube  linin^^  the  hole  and  made 
'sufficiently  tijrht  to  prevent  water  from  rising  outside  of  it  should  be 
put  in  every  well  whieh  ivmains  opru.  The  lower  end  of  the  easiiiir 
■**lnuiM  b<^  just  alH)Ve  the  wat(*r-lM»arin.u^  stratum. 

"Till' fuUnwinic  liiw  itroWdini^  for  tin*  rnjixTvaii.ni  i.f  ai-Ti-Mi.-m  wati-r  lui-.  Ii.h-m  i»a«.>-'fl  liy  tin- 
lfiri«latnr«  of  tin*  St»ti*  nf  W.-isliintftim: 

i  'II  \I»TI.I«   <  'XXI 

-H.  IV  Nn.  r.ii:<. 

RELATI\<J  To  AHTK'IAN   WKIJ.S. 

■A^'  Act  iu  rt>ltttioii  t<iart(*sinii  wi'll-%anfl  n-irii  la  tiller  ili.-  tl-w  ••I"  walt-r  tln-n-froin.  aiicl  jirnvicl- 
in^r  :i  iM-nalty  l<»rili"  vi. ila1i'»n  lli<-i-fiir. 

f^>  H>iKtrt»'if  Iff/ tht  ItftiMlntiin   nf  fh.   Stut-  nf  Wnsl,,  ,mt,,n  : 

SkjTIox  1.  It  hIihII  1h»  iiiiluwfu!  1    i-  any  i"-r-"ii.  linn.  «'.rjM.rai  i««ii.  <>\ iiiitany  liaviiii;  pi»s<i«i*- 

"i'ln  i.r  n>iitn»l  ot  «iny  ftrtcsiaii  w.-ll  .  wiihiii  tii--  Stat«-.  wIh-tIu'I-  a*^  ••••ntrartor.  i>\vjn"r,  Ioksi'i*, 
*t^iit.  or  injiiiiijff  r.  to  allow  or  jm  rni.t  walt-r  t«»  fl<>\v  .i-r^ai"-  Ironi  *^U(•ll  \v«'ll  lH'tn-«M'n  tin*  llr>t 
d«.V'if  Ot'tolK'r  iiiuiiy  y«'ur  ami  tin- lirst  <'.ay  «.|"  April  ii"xt  ^-iisuiiiir:  l'n>viih'L  That  thi^^ai-t  sliall 
f>Dly apply  to  AHftioiiH  niid  roiimMiTiitirs  wlirn-in  tlif  um-  i»f  wut»'r  for  tlu'  i)iiriM.-i'  of  irri^ratioii 
in  DifesMir>'  t»r  PUMtomary.  ami  proviilin^'  fnitlu-r.  that  nothini;  hi*r»MU  <-oiitain<Ml  ^»hall  pn'- 
^tit  «ir  ]»rc>hibit  t  ho  use  of  wat^r  frmn  any  ^mh  wi*ll  lH«twr»'ii  hi  hi  rtr>t  ilay  of  ( htolwr  ami  tin* 
flhit  (lay  of  April  noxt  I'liHuin'^c  for  houi^'liohl.  stix'k,  ami  tlonn'^tir  pnri>i»si-s  only,  wat^r  for  s:ii(l 
la»t<immi>d  puriKwos  tolM>takfn  from  sn<'h  wrlN  tlironijli  a  om>-lmlf  in«'h  stop  and  wasti'  ri>fk 
to  1h>  insortod  in  tho  pipiiK'  of  sm-Jj  u-i-ll  for  that  punwisi'. 
Sw.  i.  Itsball  If  tho  ilnty  tif  *'vory  in'rs«ni.  linn,  «'nr\»i»m\\im,  or  o<m\\AW\"v  \\tv\*\\\VL  vvv«»^w*«\c>\)l 
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Thr  nM>uii  why  ili.-  uwiut  of  a  wHI  shoiiM  V»«-  nMiuhva  bykwia 
j»ioiHTly  <as««  ii.  as  aln'a«ly  <*xi)laintMl  in  n^frreiut-  tn  thi*  i»ei'!«t»ual  i 
iiitt'it'st  ..f  tlh*  .i\vii«T  hiiiis*«ll\  is  that  lateral  i-seape  of  the  water  may 
Im-  pn*viiit«Ml.  The  *\seaiM'of  water  from  an  art  eshiii  basin  inexees^of 
tlh-  naiural  ovi-rllijw  means  a  Jei'ivast*  in  jii-essure  t»n  the  portions 
n-mainin-.ariil  <'onM"4ii«Milly  a  lowerinj^of  the  artesian  h«*a<l.  luarid 
iri:it)ns  fS|MM-ialiy  the  Nuurei'>  of  supply  of  an  artesian  basin  may  l)e 
small.  an«l  ih»»  ipi^slion  n\'  tMMiiiomieally  iisin^  the  water  it  eniitaii»!» 
ami  i.r  maintaiiiiiii:  I  1m-  artesian  JmshI  are  matters »>f  publi<-  eonivrii. 

-.  /■.''•■'/"/■'' v''/>  n; 'I  ti'h*  It  tint  in  ns*  shntthi  hf  s*  *fn-*In  rh*snl.— 
I'h.'  hm'-mh  why  a  law  i.i  this  rlVeet  >houhl  be  ena<-te«l  an«l  enforee«l 
i>  ihaT  an  arirvjaii  ba^in  is  m»t  an  in«'\hauslible  reservoir,  anil  fwry 
pi.u-^irablt'  im-au'-  slmuM  Im-  miploytMl  for  its  eonservation  and  leirili- 
mair  iiv,..  Til.-  il.»>inir  "f  an  arti-sian  wAl  when  its  water  is  not  ' 
b.  !i-  ii>,mI  WMiiM  in  many  ami  ]n-rhaps  mo>t  instane»*s  br  an  Jidvan- 
:.!-.■  :.»  iiN  .iwnn  ;i>  \m-\\  n^  iti  iii>  nei;rhboi'N,  not  only  for  the  ivasou 
ih.i!  hi'^  wall'-  --'ipply  wuiiM  1h«  ma«li*  moif  jMM-inan«*nt,  but  lK.*caiise 
u.i:ir  :!iiw  in:::  n\»i-  !ami  in  f\iM-»  uf  tin- amount  nMiuiriMl  for  seieiititic 
i;  !-'::at  :••!!  ;>  in  -iirinus. 

ri..:.'  a!t'i\ffp:i..n.i;  »-ast'>  in  whieh  it  is  ni»t  desirable  that  an  arte- 
**;.i::  ui-'.!  '•h«»;:iil  'k'  ili'^^nl  aT  any  linn*,  as,  for  examph*.  wlien  a\vrlli!» 
i:i>  :•..•'.  :;mi.  .-.  -IfX  t-l.ip,-  '  vpiim:,  "r  <i«'rivi's  its  \vat»'r  from  what  is 
k!i  'wii  .,*•  .iM  :»:  ■t-^iaii  >!■  :  .-,  bni  a^^  sUfh  wrlls  will  i>robably  1h»  frw 
■  n  •:;•!  :..■•  :j  •?>,■  a-.:«-*.:tn  basin**  «b-srribrfl  in  this  report,  sixrial 
-,  **.,i"  ■  •;    !.  •.  •.  :i  'i.-i'  ■..  *hi-m  is  perhaps  ni»t  <lesirable. 

..-•.'    -.        ■  ■•.  -    v   :.:.■::::.-.  ;i  T.  t««  •H'-un-ly.  ri]  •:!!.■ '<ini»'"^i''' 
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Every  abandoned  drill  hole  in  an  artesian  basin  should  be  coyyi- 
dy  filled  with  impervious  material. — A  desirable  way  in  which  to 
:liis  is  to  fill  the  hole  slowly  with  moist  clay  and  ram  it  down  with 
eavy,  blunt  tool,  or  fill  the  hole  with  Portland  cement  concrete, 
htly  fitting  rods  of  dry  wood  dnven  into  a  drill  hole  until  it  is 
d  would  serve  the  same  puri)Ose. 

bandoned  wells  should  be  filled  in  the  manner  suggested  in  order 
t  leakage  may  be  prevented.  Wells  in  which  wat<*r  ris(?s  some 
anee  toward  the  surface  but  does  not  overflow  are  frequently 
ndonedy  the  casing,  if  any  was  used,  having  first  been  drawn,  and 
rach  instances  a  continuous  escape  of  water  occurs  into  cracks, 
dns  beds,  etc.,  about  the  hole. 

lie  three  rules  briefly  stated  above  should  be  embodied  in  the  laws 
jvery  State  in  which  artesian  basins  occur  and  their  observance 
ttld  be  rigorously  enforced. 

or  the  proper  development  of  an  artesian  basin  it  is  evident  that 
re  should  be  but  one  center  of  responsibility.  A  desirable  method 
ecuring  this  end  would  be  to  place  the  entire  control  of  the  arte- 
i  wells  in  each  State  in  the  hands  of  a  State  engineer,  whose  duty 
hould  be  to  determine  where  wells  may  be  drilled,  the  depth  to 
eh  they  may  be  carried,  and  methods  for  caring  for  the  water  sup- 
,  closing  abandoned  drill  holes,  etc. 

fhile  the  aim  of  this  preliminary  report  is  to  stimulate  and  direct 
search  for  artesian  water  in  the  region  that  has  been  considei*ed, 
» not  wish  to  be  understood  as  saying  that  all  of  the  2,000  or  more 
are  miles  of  rich  lands  contained  in  the  four  basins  described  can 
rrigated  by  means  of  artesian  water.  The  facts  are  plainly  such 
»  warrant  the  careful  testing  of  the  artesian  possibilities,  but 
iig  to  local  conditions,  which  are  at  present  unknown,  many  dif- 
Ities  will  no  doubt  be  encountered  and  numerous  failures  may 
ir,  and  even  when  all  the  wells  which  the  water  supply  will  justify 
e  been  put  down  in  any  one  of  the  basins  referred  to  there  will 
loubt  I'emain  extensive  ai*eas  that  can  not  be  irrigated.  While 
1  results  may  reasonably  be  expected  from  the  judicious  develop- 
it  of  the  artesian  basins,  all  the  benefits  that  might  be  derived  in 
i  way  will  be  rendered  negative  unless  the  suggestions  given  above 
■efe^ence  to  the  conservation  of  the  water  supply  are  strictly 
>rved.     I  may  i)erhaps  add  as  a  warning  that  the  wanton  destruc- 

of  the  forests  in  this  country  and  the  now  almost  completiC  ruin 
lie  public  grazing  lands  throughout  the  arid  regions  leave  but  lit- 
lope  that  man's  greed  will  be  so  far  restricted  in  the  case  of  arte- 
.  basins  that  ultimate  failures  will  be  avoided. 
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NORMAL  AND  POLLUTED  WATERS  IN  NORTH- 
EASTERN UNITED  STATES. 


By  M.  ().  Lekjhtox. 


INTKODirCTION. 

Inonlerto  proi>erly  det45rmiiio  tli«  whI^t  reHC)nnM\s  of  a  connlry, 
1(1  to  define  the  limitations  of  n»o  wliich  apply  to  various  rivors,  it 
^oomes  necessary  to  know  the  character  of  tlic  water  in  (»acli  casc\ 
'^ater  is  a  source  of  wealth  by  reason  of  tlu»  uses  to  wliich  it  may  l)e 
it,  and  these  are  dei)endent  to  a  lar^e  extent  upon  tiio  nature  of 
le  water.  It  follows,  then,  tliat  for  eaeli  brancli  of  water  utilizaticm 
lere  is  established  a  standard  to  whieli  water  must  reasonably  eon- 
Tm,  in  order  that  it  may  properly  fulfill  the  reciuirements  of  the 
irticular  case. 

By  reason  of  their  physical  features  and  tluMr  artificial  develop- 
ent,  different  rivers  may  poss(\ss  characteristics  which  mak(»  them 
^ry  different  in  their  form  or  kind  of  utility.  Sewage  pollution  may 
«troy  every  resource  of  one  river,  yet  may  not  sensibly  affect  t  ho 
due  of  another.  One  stream  maybe  highly  useful  as  a  source  of 
>wer;  another  may  be  l>est  utilized  priiiuirily  as  a  commercial  liigh- 
ay;  still  another  may  serve  as  a  source  of  water  supply.  Therc^  are 
aters  \%hich  are  more  valuable  as  a  <lisposal  area  for  manufacturing 
fuse  than  they  would  be  if  maintained  unpolluted  as  fishing  grounds 
*  ke  fields.  Therefore  a  thorough  hydrographic  inv(»stigation  should 
>nre  to  indicate  the  peculiar  uses  to  which  a  stream  is  best  appli- 
^ble,  and  by  it  we  should  be  able  to  determine  th**  normal  resource 
'  each  case  and  the  damage  done  by  unwise  or  unlawful  procedui*e. 
f  especial  importance  is  the  fact  that  tlie  utilization  of  a  river  in 
le  State  may  be  so  damaging  to  its  purity  that  the  people  of  anotlier 
l^te  through  which  tlie  sanu5  river  flows  may  be  totally  depriv(Ml  of 
SU80,  and,  under  present  conditions,  with  little*  if  any  opportunity 
>r  reilress. 

Let  us  glance  briefly  at  the  characteristics  that  are  demanded  of 
aters  required  for  different  uses. 

ESSENTIAL  QUALITIES  OF  WATER  FOR  VARIOUS  USES. 

Commercial  highways, — Tlie  character  of  a  water  has  nothing  to 
0  with  it»  use  as  n  means  of  transportation.     Vot  \Xv\^  ^^xt\^^^Kb  Wve. 
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only  iiccessHry  tlint  it  slinll  l>e  sufficient  in  amount  to  float  vessels 
and  that  llio  roursi"*  in  whieli  it  runs  shall  bo  deep  and  broad  and 
\ininterrupt(»(l  by  inipiissable  olwt ructions. 

Poinr, — For  utili/jition  jis  a  source  of  jKiwcr  a  stream  should  liave 
suflici<Mil  ^nMh-*  to  allow  the  (conservation  of  large  quantities  of  watCT 
belli n<l  dams,  so  that  it  may  bi»  forcibly  dclivere<l  upon  water  wheels, 
and,  by  nutans  of  the  power  develoiH^d  by  this  impact,  may  operate 
meehanism  applied  to  human  purposes.  If  the  gradient  is  abrupt — 
that  is,  if  it  is  largely  concentrated  in  one  or  scn'eral  x>l»<*^»>  so  that 
tht*  wat(»r  falls  over  pn^cipices  or  runs  in  rapids — the  power  available 
will  l)(»  greater  and  the  expense  of  development  will  be  less  than  if 
th(^  fall  of  the  stn»am  is  gentler  or  the  stret'Ches  l)etween  rapids  are 
longer.  The  const ituiMits  of  a  water  used  for  the  develojMnent  of 
pow(»r  are  not  of  great  importance  except  in  such  cases  as  its  im|)ound- 
ing  by  dams  may  Ik*  the  means  of  holding  back  or  depositing  jvccu- 
mulated  impurities  which  Ix'come  a  souri»e  of  disc?omfort  and  thereby 
(h»pn»ciate  the  value  of  real  (»state. 

}f<tnuf)t('furifi<j. — It  is  (»sscntial  that  a  water  used  in  manufactur- 
ing j)rocess(»s  shall  not  contain  anything  which,  from  a  chemical  or 
sanitary  standpoint,  shall  be  injurious  to  the  pro<luct«  of  manufac- 
tun*.  Th<»  nuinu fact u ring  uses  to  which  water  is  put  are  very 
numerous,  and  \y\wu  it  is  to  become  one  of  the  constituent  pai't«  of  the 
product  it  is  necessary,  in  most  cases,  that  it  shall  be  pure  and  not 
liable  to  damage  tlu*  product  by  reason  of  any  substances  which  it 
may  carry  in  solution  or  suspension.  If,  on  the  other  hand,  it  is 
inten<le<l  that  the  water  shall  In*  emi)loyed  mei*ely  in  the  proi*ess  of 
nianura<*ture,  as  in  washing  products  or  in  diss<dving  ingreilients,  it 
is  readily  apparent  that  fon^ign  substances  in  the  wat(*r  may  defeat 
this  purpose. 

(  xc ///  //(>//f'/-.s.- -Normal  or  j)urc  watiM*  has  a  certain  action  upon 
metals,  iron  being  oik*  of  thos<'  (»asily  atf(»ct(»d.  If,  therefore,  a  pure 
water  is  ns<Ml  in  a  b(»il(»r  tlu^re  must  lu^cessarily  In*  some  action  which 
has  its  part  in  shortening  the  term  of  usc^fulness  of  the  boiler.  When 
a  watiM-  is  used  which  contains  ingredients  that  hasten  this  sK^tion 
upon  iron  or  which  dei)osits  s<Hlinu»nts  within  tin*  boiler,  the  iiseful- 
Ui'ss  of  the  iMiiler  is  shorteiuMl  uiululy,  and  tlu*  value  of  the  water  as 
a  boiler  watcM*  is  li»ssened  by  an  e^iuivalent  amount.  An  idea  of  the 
damage  dom^  by  calcar(»ous  matt(»r  in  water,  whi(*h  is  deposited  as  an 
incrustation  within  the  Iniiler,  can  be  formed  by  considering  the 
exiHMienc(M)f  the  engineers  on  th(*  Nebraska  Division  of  the  Union 
Pacific  Railroad,  where  the  water  used  held  in  solution  a  large  quan- 
tity of  sulphate  of  lime  and  magnesia.  When  such  water  is  lK)i led 
the  sulphate  is  deiMisited  on  the  inside  of  th<»  container.  The  expense 
of  cleaning  and  rei)airing  boilei-s  by  reason  of  this  d<»posit  amounted 
in  two  years  to  ♦2,8r)0,  (^qual  to  S  cents  per  nule  of  distance  run.  In 
addition  to  this  the  total  mileage  of  each  engine  was  probably  reduced 
o/w-Imlf 
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Fisheries, — ^It  requires  only  h  Hlight  study  of  tht»  suhjert  of  fn\sli- 
water  fisheries  to  appreciate  howa^uite  is  theoffcH't  of  wat<»r  ])o1lutioii 
upon  the  living  organism.  Many  wat<»rs  in  tho  United  Stales  that 
were  once  good  fishing  grounds  have,  witliin  nM*ent  year-s,  heconie 
destitute  of  fish  because  of  the  dumping  of  w{wt4\s  from  fact  oriels  or 
pnblic  sewers  into  hikes  or  rivera. 

Nuclei  ofjxirks. — The  development  of  j)ark  systems  in  tliis  country 
is  a  striking  revelation  of  a  gn)wing  civilization.  That  tlu^re  should 
bo  recognized, '  in  this  highly  commercial  atmosphere,  tlie  ncH'd  of 
establishing  pleasant  places  of  rest,  where  th(»  can»worn  citizen  may 
escajH)  for  a  short  season  from  his  business  encumbrances,  is  a  cause 
for  gratification.  No  one  has  i)roperly  (estimated  the  valu(M)f  these 
shelt-ers  to  the  workingnian,  the  isolated  housewife,  or  tiic  dust-stifled 
child.  It  is  fast  be(K>niing  the  convi(^tion  of  i)opular  representatives 
that  the  peojile  have  a  right  to  retain  untx)  themselves  certain  cc>n- 
venient  portions  of  the  c^umtry  in  its  natural  stat^^  Of  such  there 
could  Ih!  many  within  easy  reach  of  every  cit}-,  but  t<K)  often  t  lieir  (estab- 
lishment is  made  imi)os8iblc  by  the  foulness  of  the  water  flowing  juist 
available  sit-es  or  standing  ch)se  by  in  natural  n^servoiis.  A  body  of 
pun;  water  is  the  proper  nucleus  of  sucli  a  place,  for  bathing,  boating, 
fishing,  and  pleasant  atmosphere  are  all  necessary  accompaniments 
of  the  i)erfect  park.  But  in  a  jdace  wh(»re  bathing  becom(»s  suicide, 
l>oatiiig  resembles  a  voyage  with  ('haron,  and  (»ven  breathing  taxes  the 
strong  stomach,  there  is  little  prospect  that  a  jmrk  will  be  establisluHl. 

J(.'e  supply, — The  I'equirements  of  a  water  to  be  used  as  a  source  of 
ice  supply  closely  resemble  those  her(»inafter  des<*ribed  with  n^ference 
to  water  supply.  The  difference  lic^s  in  the  fact  that  a  large  [propor- 
tion of  foreign  matter  in  watin-  is  excluded  upon  the  formation  of  ice. 
Just  how  much  is  yet  uncertain,  but  tln^  most  re<*ent  investigations 
show  that  the  microorganisms  whi('h  [iroduce  <lis(»ase  do  not  livc^  long 
in  ice. 

Irrigation, — Water  used  for  purposes  of  irrigation  must  contain 
Uoneof  the  various  mineral  imi)urities,  such  as  those  foun<l  in  maiiu- 
fncturing  wastes,  which  ari^  known  to  liav(^  a  (h^leterious  effect  upon 
^^etation.  This  danger  to  irrigation  is  so  remote*  as  to  be  unworthy 
of  a  passing  remark.  Irrigation  diistricts  arc  not,  and  probably  never 
^ill  l)e,  manufacturing  ones. 

Drinkiny  water. — The  standards  sd  for  a  drinking  water  are  more 
precise  than  those  prescribed  in  any  other  branch  of  water  utili- 
sation. Water  is  necessary  to  the  continuanc(»  or  ev(Mi  the  existence 
of  life,  powerfully  aff(»eting  human  beings  for  blotter  or  for  worse 
according  to  its  character,  and  as  the  immediate  i)reservation  of 
homan  life  is  the  principal  obj(»ct  of  society,  tliis  phase  of  the  water 
question  is  more  important  than  all  those  previously  discussed. 

It  i«  not  necessary  that  a  water  for  public  sui)j)ly  shall  Ih^  chemic- 
ally pure;  indeed,  such  a  water  would  be  \u  nmwy  \\«k.^v>  \vcvvVv^^^\\^^\^v^. 
^Tierally  apeaking,  ihnt  which  flows  of[  or  ov\\.  ol  W\^  \wcvi\  \\\  Wj^ 
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natural  Ht.at<*  is  usually  well  8uite<l  t^)  tho  uimmIs  of  man.  If,  however, 
in  flowing  out  of  a  <lrainago  area  it  lM»eonies  contaminated  with  the 
ejeetaof  man  or  of  domestic  animals;  if  into  the  courses  in  which  it 
flows  tliere  is  emptied  tlic  refuse  from  mills  and  fm'tories;  if  upon  th^ 
land  draineil  by  the  stream  there  has  lH*en  spreml  any  animal  n'fuse 
whatrsover,  I  hen  the  run-ofl!  wat(»r  will  1k^  changed  in  character,  and 
even  though  it  may  subsequently  1m»  treatiHl,  naturally  or  artificially, 
in  sucli  a  manner  that  it  is  not  luxgudicial  t^)  health,  it  will  l)earl(? 
its  final  destination  the  nuirks  of  its  former  bad  aiasociations. 

The  value  of  a  water  is  commonly  reckone<l  acconling  to  its  avail- 
ability for  i)ubHc  consumption.  To  l>e  a<*ceptable  to  the  public  it  must 
have  little  or  no  turbidity  and  must  contain  little  or  no  sediment  or 
organic  wast(»,  color,  taste,  or  o<U)r.  It  will,  therefore,  be  us:»ful  U)  fol- 
low the  coui'se  of  a  (juantity  of  water  from  its  source  in  tlu*  ocean 
an>und  it«  cycle  of  changes  until  it  again  reiiches  the  ocean,  in  onler 
to  show  how  great  an*  the  obstH(*les  that  prevent  it  fnnn  meeting  these 
several  requiiiMuents. 

IMPURITIES  IN  NATURAL  WATERS. 

KAIN    WATER. 

Wati»r  is  raised  by  evaporation  from  oceans,  lakes,  i)onds,  and  from 
the  surface  of  the  earth,  and  carried  aloft,  tlu»re  to  float  in  the  form 
of  clouds  until  the  air  sustaining  it  is  saturated,  when  it  is  condensed 
and  precii)itattMl  upon  the  earth.  In  falling  through  the  air  rain  water 
natunilly  washes  out  any  impurities  held  therein  susx>ension.  These 
impurities  consist  of  dust  comi>ose<l  of  organic  an<l  nnneral  matter, 
such  as  pulverized  earth,  soot,  pollen,  and  dried  and  finely  dividtHli)ar- 
ticles  of  plants  and  insects,  as  well  as  ammonia,  carlnm  dioxide,  sul- 
phuric jwid  and  other  gases,  all  of  whi(?h  are  dissolved  or  held  in  sus- 
l)ension  by  wat<ir.  Consequently  when  the  rain  strikes  the  earth  it  is 
not,  Jis  is  commonly  supposed,  pui-e  water.  The  amount  of  impurities 
it  may  contain  dep(»nds  on  local  conditions.  If  the  air  washed  is  that 
lying  over  a  large  manufacturing  city  it  is  manifest  that  the  water  on 
retiching  the  earth  will  be  less  pure  than  that  falling  upon  a  primeval 
region.  Xevertheless,  even  in  the  latter  case,  the  air  always  contains 
a  certain  anu)unt  of  foreign  matter.  It  is  aho  manifest  that  rain  water 
falling  during  the  latrcr  i)art  of  a  storm  will  1k3  i)urer  than  that  which 
first  fell,  for  after  a  time  the  air  will  be  cleaivd  of  its  impurities. 

On  striking  the  earth,  assuming  that  it  falls  on  a  mountain  or  on 
sloping  land,  there  are  several  courses  that  water  may  take.  Some 
of  it  is  imme<Iiately  absorbed  by  vegetation  or  directly  evaporat'ed 
from  th(»  earth's  surface  as  it  wiis  from  the  ocean.  The  larger  part, 
however,  takes  two  other  courses:  (1)  It  runs  directly  off  the  surface 
in  rivulets,  converging  into  rills,  streams,  brooks,  and  rivers;  (2)  it 
sinks  into  the  earth  and,  after  filtering  to  a  greater  or  less  depth,  re- 
appenrs  as  springs  or  is  intercepted  by  wells.  Let  us  first  follow  that 
w/iieh  runs  directly  along  the  surface  ot  \\\e  eaxWi. 


1.  Suspended  matter.. 


Organic . 
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SURFACB   WATERS. 

Some  of  the  impuriiies  which  the  water  irtithercHl  in  t1i<^  air  aro  lost 
as  soon  as  it  comes  in  contact  with  the  eartli,  but  in  its  coui-no  along 
the  surface  many  more  are  gathered  ui)-— particles  of  shikI  or  silt; 
pieces  of  dried  or  decayed  leaves,  wooil,  and  grass;  inicroseoiiic  in- 
sects, and  myriads  of  bits  of  other  material  of  an  almost  ini]><)n(lerable 
nature  which  in  the  aggregate  amount  to  a  8nq)risingly  largo  ([uantity. 
These  particles  ultimately  are  dissolved,  or  if  sufliciont  time  in  not 
affoi-ded  to  dissolve  them  they  are  deposit<^d  on  the  lM)ttom  of  the 
stream  in  places  where  the  current  of  tlui  stream  is  clnM^ked.  We 
have,  therefore,  the  following  classification  of  impurities  in  water: 

ImpuritivH  in  tnttcr. 

T««^*.^««4..  -»*  ».;«.>^i  /Sand,  clay,  and  variouH 

Inorganic  or  mmeral  |    pulvorize<l  miiieralH. 

'Animal:  LiviiiK  nii(^n)H(r(>pic  aiiiiualH,  d(*ad 
fiHh  and  pieties  therw)f,  feaithen*  from 
birds,  ♦•ti\;  decayed  animal  n* fuse;  uian- 
nfactnring  waHtes,  wK-h  as  \v(K)1  Htrour- 
ings,  blood  from  slaughterhoiiHeH,  etc.; 
excrement  from  s(?w<'r8.  etc. 
Vegetable:  Drie<l  leaves,  ^a^s,  and  flowers, 
decayed  wood,  pt»aty  matter;  alga''  and 
other  plant  life.  inchidinK  l)actt»ria:  wastes 
from  cotton,  silk,  and  linen  mills,  and 
from  distilleries,  etc. 
rCarbon  dioxide. 
.  1  Hydrogen  disnlphide. 

4,  inssolyeu  matter  ..<  (Inorganic  metals  in  general. 

I  Solid... ^rv^.,„«;«  (Animal  (seealMne). 

|i/rganu .... ^Vegetabh^  (see  al)ove). 

Organic  vtcUter. — Water  as  it  pjisses  ovor  the  earth,  therefore, 
becomes  more  and  more  impnre,  the  extent  of  its  i)ollutioii  dein^nding 
on  the  character  of  the  matter  which  it  gath(»rs  up  and  carries  abrng 
orwhich  is  jioured  into  it  by  artificial  means.  Matter  which  is  merely 
held  in  8USi)ension  would  not  seriously  aiTect  the  charact(»r  of  water 
but  for  the  phenomenon  of  solution,  by  reason  of  which  the  state  of 
suspension  is  not  permanent,  for  sooner  or  later  a  larg(^  part  of  the 
suspended  matter  is  dissolved.  It  is  a  familiar  sight  to  sei^  inorganic 
matter  dissolve  in  water,  and  the  process  seems  simple;  but  the 
explanation  of  the  solution  of  organic  matter  pn^sents  difllculties. 
How  is  it  brought  about?  In  order  to  e.xplain  this  it  will  be  necessary 
to  discuss  briefly  the  composition  of  organic  matter. 

Organic  matter — that  is,  matter  wiiich  is  the  product  of  life  i)ro- 
eesses — consists  chiefly  of  the  four  elements,  carbon,  oxygen,  hydro- 
gen, and  nitrogen.  These  elements  stand  closely  in  union  as  long  as 
life  endures.  Immediately  upon  the  occurrence  of  death,  however, 
there  comes  a  breaking  down.  The  chemical  combination  in  the  orig- 
inal living  matter  may  he  exi)ressed  thus: 

( )xygen — Carlwii 

I       X        I 

Hydrogen — N  itrogeu. 


fGaseons. 
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Wht^ii  there  is  no  longer  a  lK>ncl  of  union  l>etween  the  four  elements 
there  comes  dissociation  and  a  reuniting  of  elements  having  attrac- 
tion one  for  the  other.  In  this  case  one  of  the  first  steps  in  the  break- 
ing down  of  the  above  combination  may  be  expresscnl  as  follows: 

Oxygen — Carbon 

Nitrogen — I  lydrogen. 

The  oxygen  in  this  and  in  the  other  processes  here  desi?ribed  is 
derived  to  only  a  limited  extent  from  the  decaying  organic  matter 
itself,  but  is  drawn  in  large  jiart  from  the  atmosphere  and  from  the 
store  of  oxygen  suspended  in  the  water.  The  oxygen  and  carbon 
combination,  known  ascarl>on  dioxide  or  popularly  as  **  carbonic  acid," 
combines  with  other  elements  or  g(K\s  into  solution  as  such,  and  its 
connection  with  the  old  combination  is  permanently  silvered.  The^ 
nitrogen  and  hydrogen  combine  and  form  ammonia.  This  completes 
the  first  step  in  the  process.  We  have  tlie  organic  matter,  once  iix 
susi>ension,  then  in  solution,  now  broken  up  into  two  very  familial- 
compounds,  both  inorganic. 

The  process  is  not  yet  finished.  The  combination,  nitrogen -hydro- 
gen, is  not  a  strong  one.  It  is  easily  disturbed  in  several  ways,  and 
one  of  these  is  the  introduction  of  more  oxygen,  which  is  nearly 
always  present  in  water  and  always  in  air  and  in  innumerable  chem- 
ical combinations.  Both  of  the  above  elements  are  more  strongly 
attracted  by  oxygen  than  they  are  by  each  other,  and  therefore  thei*o 
is  a  further  breaking  up.    The  next  step  may  be  represented  as  follows : 

Nitrogen — Oxygen — Hydrogen 

Hydrogen — Oxygen. 

Now  the  hydrogen-oxj'geu  combination  is  water,  a  very  stable  conr 
pound,  and  therefore  that  portion  of  the  hydrogen  and  oxygen  which 
is  combined  as  indicated  in  the  diagram  is  permanently  disposed  of. 
No  further  change  takes  place  in  it.  Not  so  with  the  nitrogen-oxygen- 
hydrogen.  As  it  is  first  combined,  one  part  of  nitrogen  and  one  part 
of  hydrogen,  hold  together  two  parts  of  oxygen,  so  that  the  combina- 
tion is  more  accurately  expressed : 

^T..  (Oxygen — Hydrogen. 

Nitrogen  1  ^^  "^^  *        ^ 

(  Oxygen. 

This  <!onibination  would  remain  stable  if  there  were  not  more  oxy- 
gen present  and  available.  But  as  the  element  nitrogen  can  hold  in 
combination  three  parts  of  oxygen,  there  can  be  no  permanent  chem- 
ical compound  formed  until  this  possibility  is  accomplished;  bo 
another  change  takes  place,  and  the  nitrogen  finallj'^  holds  three  parts 
of  oxygen,  thus: 

{  Oxygen — Hydrogen. 
Nitrogen  <  Oxygen. 
( Oxygen. 
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llie  first  i*ompouiid  is  one  of  the  siilwtaueeH  that  an"*  iu»<M^Hsary  to 
the  formation  of  a  nitrite;  the  second  forms  the  foundation  for  a 
nitrat-e,  the  essential  distinction  l)etween  th(»H(»  consisting  of  a  differ- 
ence iii  the  amount  of  oxygen  prew^snt.  A  nitrit<^  n»pr(»sents  a  very 
unstable,  transitory  combination,  wliicli  tak(»s  pbuM^  in  \\w  oxidation 
of  organic  matter,  and  whicli  in  any  case  is  not  p(»rnian(»nt.  A 
nitrate,  however,  represents  the  final  condition  of  mineralized  organic 
matter.  It  is  the  stage  where  the  decay  of  that  whicrh  was  formerly 
living  matter  stoi)S,  w^hen  every  chemical  demand  is  satisfied.  A 
nitrate  is  a  permanent,  stable  ccmipound  which  is  not  readily  broken 
np  nor  acted  on  by  other  elements  or  (compounds. 

It  must  be  rememl>ered  that  the  changt^s  alM)V(^  dt^scrilxMl,  as  will 
hereafter  be  noted  more  fully,  tak(»  i)la<*(^  in  tlu^  i)r(\senc(»  and  by  the 
action  of  living  organisms,  and  whih*  the  proc(».ss(\s  roughly  outlined 
are  not  so  sim^de  as  has  Ikmmi  indicat<K^l,  i\w  fon^going  cxi)lanation 
will  nevertheless,  it  is  hoped,  give  a  general  idea  of  tluMr  character. 
As  a  concluding  remark,  it  is  sufficient  to  not^^  tluit  under  the  cir- 
cumstances the  condition  of  nitrogen  in  a  water  faithfully  represents 
the  condition  of  the  organic  matter  in  that  water. 

Backrm. — Having  traced  the  changes  that  tak(^  plac(*  in  the 
organic  matter  of  a  surface  water,  let  us  now  consider  the  means  by 
which  such  changes  are  effected.  In  the  list  of  organic*  nuitc^rials 
above  enumerated  it  will  be  remembered  that  bacteria  foun<^l  a  place 
*Diong  those  matters  ** suspended."  It  is  by  their  agency  that  the 
changes  al>ove  described  take  place.  They  are  not  tlu^  bacteria  which 
are  known  to  produce  disease,  but  they  belong  to  the  great  and  use- 
ful species  of  the  order.  They  are  found  prinuirily  in  the  air  and  in 
the  ground,  and  their  jjresence  is  indispensable  to  the  reduction  of 
^aste  organic  matters  to  the  inorganic  elements  from  whi(*h  they  are 
ttJadeup.  Along  with  the  pollen,  the  soot,  and  the  lini^  particles  of 
animal  and  vegetable  matters  in  the  air,  these  bacteria  are  collected 
by  the  rain  falling  to  the  earth.  When  they  are  brought  lo  the  earth 
in  rainfall  they  immediately  l)egin  th(^  work  of  changing  the  organic 
^natter,  and  they  are  at  once  reenfoi-ced  by  tlu?  myriads  which  are 
always  present  in  the  ground.  The  gr(»atcr  the  amount  of  organic 
matter  carried  along  by  the  water,  thi^  greater  the  number  of  bacti^ria 
that  gather  to  reduce  it,  so  that  the  number  of  bact<»ria  found  in  a 
^ater  is  an  accurate  measure  of  the  amount  of  organic  matter  it  con- 
tains. Their  presence  in  large  amount  docs  not  necessarily  signify 
that  the  organic  matter  is  dangerous,  but  the  very  fact  that  there  is 
sufficient  food  to  sustain  great  number's  of  bacteria  is  sufficient  indi- 
cation that  putrefactive  proces.^es  are  going  on  in  the  water,  the  true 
significance  of  which  must  be  ascertained  before  the  water  should  Im^ 
accepted  for  domestic  use.  Aninuil  matter  is  nu>re  highly  putrefac- 
t-ive  than  vegetable  matter,  and,  excei)t  under  extraordinary  condi- 
^on«,  a  high  number  ol  bacteria  is  indicalive  ol  au\\iia\  \>o\\wWvi\\. 
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Alg(k'. — Then*  is  another  i^roat  branch  of  the  plant  kingdom  whicU 
exertH  a  ix>werful  influence  iijion  the  purification  of  surface  watered 
Tiiis  is  the  group  Alga».     Tliese  are  the  minute  green  plants  which,  in^ 
stagnant  pools,  grow  in  such  largt*  numlx^rs  as  to  occasionally  forni 
what  is  i>opularl3^  known  as  a  *'  scum  "  over  the  surface.     These  plants 
subsist  upon  the  jinxlucts  of  decomposition  of  organic  matter.    A» 
soon  as  the  ])a(^teria  succeed  in  breaking  down  the  complex  organic 
combination  ^is  alK)ved(»scrib<^l,  these  alga?  grow  abundantly  and  feed 
upon  the  products  of  decomposition.     As  the  change  from  ammonia 
to  nitrites  and  nitrates  is  niad(»,  they  continue  to  consume  the  debris, 
so  that  th(>  tendiMicy  is  to  ch^ar  the  wat45r  of  such  matter.     If  such  a 
water  were  phwed  in  a  glass  and  no  further  pollution  were  allowed  to 
enter,  it   would   be    found    that  after  a  short  i^eriod  the   ammonia, 
nitrit(*s,  and  nitraU»s  wouhl  be  greatly  reduccfd.     It  is  also  true  that 
the  alga»  themselves  live  t^)   nuiturity   and   die,    contributing  more 
organic  matter  to  Um  water.     But,  unless  tln^  conditions  are  such  thaU 
an   overabundant   growth  is  induced,  and  the  living  alga?  C4in  not» 
consume  the  debris  of  their  dead  anc^estors,  the  supply  of  organies 
matt(»r  from  this  source  is  not  such  as  to  materially  affect  the  condi- 
tion of  the  water  from  the  standpoint  of  total  organic  nitrogen. 

These  algfc  ofttimes  (M)n tribute  odors,  tastes,  and  color  to  the  water- 
as  a  result  of  their  life  processes  and  their  decay,  so  that  in  all  case^ 
their  presence  is  not  wholly  beneficial  from  a  sanitary  standpoint. 
Such  odors  and  tastes  are  characteristic  and  can  be  readily  detected. 
The  action  of  alga>  described  above  is  not  fully  exerted  unless  th^ 
water  is  quiet,  or  i)ractically  so,  for  a  short  time,  although  there  i^ 
no  doubt  that  some  action  takes  place  in  running  streams. 

Alga*  also  feed  upon  ciirbon  dioxide  set  free  by  the  action  of  bacteriiu 
upon  organic  matter.  The  recent  studies  along  this  line  are  very 
instructive,  and  seem  to  clear  up  an  important  point  which  has,  for  a 
long  time,  not  been  fully  understood.  The  purifying  process  which 
has  been  supposed  to  exist  in  the  extensive  aeration  of  water,  like 
that  tumbling  Mown  over  a  cataract,  has  been  found  to  have  very 
little  effect  upon  the  state  of  organic  matter  in  the  water.  Dr. 
Thomas  M.  Drown,  in  a  memorable  experiment,  fourid  that  after  air 
had  been  blown  through  water  for  an  extended  period  very  little 
change  had  resulted  in  the  condition  of  the  organic  matter.  ITie 
work  served  to  emphasize  the  fact  that  bacteria* are  all  important  in 
the  oxidation  of  organic  matter,  and  that  the  process  is  distinctly 
different  from  the  oxidation  of  an  inert  mineral  substance.  It  was 
therefore  believed  that  the  splashing  of  a  brook  down  the  side  of  ft 
mountain  had  no  purifying  effect.  Recent  work  has  shown,  however, 
that  this  process  is  beneficial,  not  on  account,  of  the  absorption  of 
oxygen  in  the  water,  but  by  reason  of  the  expulsion  of  the  carbon 
dioxide  from  it,  so  that  the  algHB,  deprived  of  a  large  part  of  their 
food,  would  not  he  likely  to  grow  to  an  extent  that  would  make  their 
'^sence  objectionable. 
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Dimise  gemui. — ^There  Ih  one  othor  nM|uin»iiH»iit  doinaiKhMl  of  n 
drinking  water  wliicli,  although  iiiKexMimhly  linked  witli  iiiiich  that 
has  gone  before,  must  nevertheless  Ih^  tivattMl  by  itself.  This  n»([uiie- 
ment  is,  that  a  water  used  for  domestic  i>uriM)S(*s  shall  not  contHin  the 
specific  germs  or  bactoria  of  ground-]M)rno  diseases,  sii<*li  as  tyjihoid 
fever  and  eholeni.  It  has  ])eeii  state<l  tliat  in  all  waters  in  wliich  the 
decomposition  of  organic  matter  is  going  on  th(»ri'  an»  bai'teria,  wliich 
are  requisite  to  the  furtherance  of  this  dtM'oinposition.  It  lias  also 
been  shown  that,  although  these  bac^teria  are  not  pnxluctivc*  of  any 
specific  disease,  their  presence  in  large  numbers  in  a  given  wat<»r  is  a 
satisfactorj'  indication  that  there  must  ho  a  correspondingly  largo 
amount  of  decaying  matt«*r  in  tin*  water  to  provide  them  sust(»iiance. 
Experience?  has  shown  that  a  watiM-  which  during  a  long  series  of 
examinations  shows  an  average  of  more  than  bV)  to  2(M)  ba<*teria  i)er 
cubic  centimeter  merits  careful  investigation.  Tin*  presence  of  dis(»iise- 
producing  bacteria  is  a  matter  which  recpiires  special  consid<»ration. 

The  l)acterium  commonly  occurring  in  the*  Tnitc^d  Stat(»s  is  the 
bacillus  of  typhoid  fever.  This  disease  has  its  seat  in  tin*  human 
intestine,  and  the  infective  material  is  naturally  <»j<M'ted  during  the 
course  of  the  disease,  and  is  carried  along  throngh  sew(»rs  to  the  place 
of  disposal.  If  this  is  a  river  the  wat(»r  th(»rein  becomes  infected  with 
germs  of  this  disease,  and  the  infection  is  <'omninnicated  to  persons 
drinking  the  water  farther  down  the  coui-se.  It  is  w(»ll  known  that 
the  natural  habit^it  of  these  ]>act<»ria  is  not  in  water,  and  th(»refore 
their  life  is  not  e<mtinued  for  a  long  period.  Just  how  long  this  p(»riod 
is,  however,  is  very  uncertain;  it  surely  has  no  conn(»ction  with  the 
pcrio<l  require<l  to  mineralize  organic  matter.  Then* fore  tin*  absence 
of  the  latter  in  its  unoxidized  state  is  no  guaranty  tliat  dangerous 
Iwcteria  are  not  absent.  Their  term  of  life  probably  vari(»s  widely, 
depending  u|>on  the  h>cal  conditions,  temporary  or  p(»rnianent. 

rNDKR(iKOTTXl)    WATKKS. 

Heretofore  we  have  considered  only  that.  part,  of  tin*  water  of  pre- 
cipitation which,  upon  striking  the  earth,  flows  directly  off  the  surface 
into  streams.  That  i)art  which  sinks  into  the  gronnd  is  of  e([ual 
imiM)rtance,  for  it  constitut(\s  the  reserve  supply  from  which  streams 
are  roplenishe<l  afU>r  the  influx  due  to  a  rainfall  has  sjx^nt  its(»lf.  All 
ground  waters  must  at  some  time  issue  from  the  gronnd  in  the  form 
of  springs,  wells,  etc.,  and,  flowing  along  in  eonrs<*s,  b<*conie  surface 
waters. 

Basis  of  interpreiaiion, — The  fitnc^ss  of  ground  wat<»r  for  public 
supply  must  be  determined  in  ways  very  difTen'ut  from  those  used  in 
determining  the  potability  of  surface  waters.  When  rain  water  sinks 
into  the  earth  it  meet.s  conditions  which  arc*  highly  favorable  to  the 
oxidation  of  the  organic  matter  it  contains.  The  water  sinks  slowly 
down  through  the  particles  of  sand,  the  hwes  o^  \\\\\i!\\  wyvv  vjvvNv^x^i^ 
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with  the  bacteria  tliat  bring  about  oxidation.  Under  such  conditions 
an  enormous  extent  of  bacterial  surface  is  exjiosed  to  the  water,  and 
the  change  of  the  organic  matter  from  albuminoid  ammonia  to  nitrates 
is  exceedingly  rapid  and  complete.  Consequently,  when  such  water 
emerges  from  the  ground  it  is  to  be  expected  that  the  amount  of 
ammonia  and  nitrates  will  l)e  exceedingly  small  or  al>8olutely  wanting. 
When  a  spring  water  is  found  which  possesses  these  ingredients,  it  is 
practically  certain  either  that  the  water  was  originally  a  surface  water 
which,  upon  entering  the  earth,  has  quickly  passed  l)elow  the  layer  of 
available  oxygen  in  the  ground,  so  that  thi^  normal  process  of  decay 
has  been  retarded,  or,  having  been  once  freed  from  its  organic  matter, 
has  become  contaminated  with  the  contents  of  some  sewer,  cesspool, 
drain,  or  other  source  of  waste  matter.  It  is  not  an  easy  Uisk  to  dis- 
criminate between  thes*>>  two  possibilities  unless  there  is  at  the  disposal 
of  the  investigator  a  table  or  chart  showing  the  amount  of  normal 
chlorine  of  the  water  of  the  locality  within  which  the  spring  is  located. 
With  such  information  at  hand,  it  is  necessary  only  to  compare  the 
amount  of  chlorine  found  with  the  normal  amount  for  the  locality  to 
ascertain  whether  the  contamination  is  local  or  arises  from  natural 
phenomena.  It  has  therefore  ])ecome  the  practice  of  sanitarians  to 
demand  that  a  ground  water  shall  contain  little  or  no  unoxidized 
organic  matter.  The  amount  of  nitrates  found  in  such  a  water  is 
nearly  always  large,  sometimes  rising,  in  perfectly  safe  waters,  to  a 
very  high  proportion.  Such  results  indicate  an  extensive  previous 
pollution,  which  has  been  thoroughly  cleared  up.  The  element  of 
danger  in  waters  of  this  kind  is  the  possibility  that  there  might  at 
some  time  l>e  such  a  change  in  conditions  controlling  this  oxidation 
that  the  process  would  fail  of  completeness. 

Storage  of  ground  waters, — When  ground  waters  are  stored  in  res- 
ervoirs in  the  presence  of  sunlight  there  is  a  quick  and  profuse  growth 
of  alg$e  in  the  basin,  due  to  the  abundant  presence  of  nitrates  which 
serve  for  food.  Under  such  circumstances  it  is  necessary  to  cover  the 
reservoirs  when  it  is  desired  to  preserve  ground  waters  in  their  original 
state. 

SANITARY  ANALYSES. 

It  will  now  l>e  instructive  to  consider  sanitary  analyses  and  their 
significance.  A  sanit-ary  analysis  of  water  is  not  the  determination 
of  its  mineral  constituents  and  the  quantity  of  each,  but  consists  of 
the  observation  of  a  few  physical  characteristics,  such  as  color,  tur- 
bidity, odor,  etc.,  and  a  determination  of  the  different  forms  of  nitro- 
gen it  contains,  the  amount  of  which,  as  has  been  remarked,  is  a 
faithful  representative  of  the  character  of  the  organic  matter  in  the 
water.  It  should  be  distinctly  borne  in  mind  that  the  ingredients 
which  are  determined  in  such  an  analysis  are  not  harmful  of  them- 
selves,  and,  aa  such,  have  no  significance  whatever.     They  are  simplj 
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guideboards  which  point  out  the  way  to  a  knowUnlfre  of  th<»  inw  con- 
dition of  the  water. 

In  Table  1  is  j^ven  an  analyniH  of  a  normal  wat4»r  In  tlio  Stat4»  of 
MassachusettiS. 

Tabi^  1. — Analy^in  of  a  normal  water  fnnn  MasHavUnHvitH, 
[PartA  iwtr  million.] 


Turbidity. 


Nitr(>K«'n  oh 


I 
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nuid am-  , ^^S^Jt^'   Nitrit<»H.   NitrHt^-^l 


I 


Decided «.0  j     1.252  I    0.()0()  '    ().(HH)       (K(MM)  I.l  51.5 


Turbidity. — The  term  "turbidity,"  in  tho  fii^t  column,  (h^llncs  itself, 
and  in  the  analysis  above  set  forth  the  degree  of  turbidity  is  expnssst^d 
by  the  word  "decided."  The  terms  hon»  used  to  expn^ss  various  degrees 
of  turbidity,  from  lowest  to  highest,  are  as  follows:  "V(»ry  slight," 
"slight,"  "  distinct,"  and  "  decided."  This  nomenclature  is  now  used 
in  only  a  few  laboratories.  In  more  n^ceiit  analytical  procedure  tur- 
bidity is  expressed  according  to  a  standard  scahs  tlu»  details  of  which 
are  described  in  Circular  No.  8  of  the  Division  of  IIydrogra[)hy  of  the 
United  States  Geological  Survey. 

There  are  several  highly  important  reasons  for  knowing  turbidity, 

which  make  necessary  the  fine  adjustment  of  an  apparatus  for  its 

determination.     Turbidity  is  a  physical  condition  of  water  which  must 

^  measured  by  comparison  with  standards  which  an*   arbitrarily 

iwlopted.     A  clear  water  is  most  accept^ibh*  as  a  In^verage.     Th(»  most 

slovenly  of  mankind  hav(»  an  inherent  dislike  for  a  turbid  draft, 

Hnd  even  horses  refuse  to  drink  a  water  of  <loubtful  appearance. 

Turbidity  is  the  result  of  various  causes,  and  a  trained  observer  can 

infer  a  surprising  number  of  facto  concerning  the  history  of  a  water 

»nd  the  condition  of  the  area  from  which  it  comes  by  a  superticial 

survey  of  the  visible  foreign  matter  held  in  suspension.     A  highly 

turbid  water  is  unsuitable  for  many  domestic  and  manufacturing 

purposes,  and  therefore  the  accurate  determination  of  the  degree  of 

turbidity  at  the  beginning  of  an  investigation  in  sonu*  cases  obviates 

the  nece^ssity  of  further  work. 

Odor. — The  determination  of  the*  odor  of  waters  is  imiMjrtant,  as 
from  it  wo  can  sometimes  determine  the  origin  of  the  water  or  the 
pollution  which  it  contains.  Odora  are  often  imparted  to  water  by 
the  green  plants  which  grow  in  it,  sometimes  to  a  disagreeable  extent. 
For  a  description  of  the  method  of  describing  odor,  reference  should 
be  made  to  Circular  0  of  the  Division  of  Hydrograiphy. 

Color. — Returning  to  tho  analysis  alK>ve  set  forth,  the  color  denoted 
as  6.0  means  that,  com])ared  with  an  arbVlrary  eXA\i^\«i.^,  V^«>^"«wy^^ 
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and  adopt<Hi  as  such,  this  sample  bears  the  relation  of  G  to  1,(XX),000; 
that  is,  a  standard  ])rown  color  having?  been  determined  upon,  the 
sample  under  investigation  is  compared  with  known  dilutions  of  the 
standard,  and  the  dilution  having  the  tint  nearest  to  the  sample  is 
the  one  which  designates  the  color  of  the  water. 

Nitrogen. — The  next  division  of  the  anal^'sis  is  entitled  "nitrogen," 
and  is  subdivided  into  *' albuminoid  ammonia,"  **free  ammonia," 
"nitrites,"  and  "nitratc^s." 

Albuminoid  ammonia. — Albuminoid  ammonia  represents  the  nitro- 
gen in  the  original  combination  referred  to  above;  that  is,  before 
decomi>ositi(m  has  set  in.  From  the  results  of  the  determination  of 
the  amount  of  albuminoid  ammonia  in  a  sample  of  water  we  can  infer 
with  a  fair  degree  of  accuracy  the  amount  of  organic  matter  it  contains. 
This  does  not,  however,  give  any  clue  as  to  the  character  of  the  organic 
matter,  whether  an  imal  or  vegetable.  We  may  find  in  a  polluted  water 
a  smaller  amount  of  this  ingredient  than  may  exist  in  a  normal  water 
perfectly  acceptable  for  drinking  purposes.  In  the  analysis  reported 
above  is  set  down  a  comparatively  large  amount  of  albuminoid  am- 
monia, 1.252  parts  per  million;  this  water,  however,  is  unpolluted  by 
dangerous  wastt»s.  On  the  other  hand,  in  several  waters  the  nature 
of  wliich  is  known  to  be  very  dangerous,  there  were  found  only 
0.284,  0.11)0,  0.108,  0.202,  and  0.203  part.s  per  million.  The  determi- 
nation reveals,  then,  only  the  quantity  of  organic  matter  present,  and 
in  onler  to  decide  whether  it  is  of  a  dangerous  nature  or  not  we  must 
look  further.  If  it  is  found  that  the  organic  mat<>rial  is  principally 
vege*abl<^  matter,  which  is  far  less  susceptible  to  decay  than  animal 
matter,  the  water  which  contains  itmay  l)e  fit  for  household  purposes 
if  th(^  tastes  color,  (wlor,  et<».,  are  acceptable,  'i'his,  however,  qhix  not 
l>e  d(»termined  by  analysis,  but  must  be  the  result  of  insi>ection  of 
the  wat^^r  course. 

Free  ammonia. — Free  ammonia  is  the  prcHluct  of  the  first  proc*ess of 
decay  of  organic  matt^^r.  It.s  presence,  as  such,  in  a  water  is  not 
more  harmful  than  that  of  albuminoid  ammonia.  It  denotes  that 
decomposition  is  incomplete;  that  it  has  been  arrested  or  retarded. 
It  is  not  necessary,  nor,  indeed,  natural,  thatany  considerable  inhibi- 
tion of  the  process  of  decay  should  tiike  place,  and  when  such  retard- 
ation occui's,  as  is  shown  by  a  high  proi)ortion  of  free  ammonia,  there 
must  be  some  cause  for  it.  We  have  said  that  a  controlling  factor 
in  this  pro(*,ess  of  oxidation  is  the  presence  of  oxygen.  Now,  if  a  water 
contain  a  large  amount  of  organic  matter  in  a  putresinble  state,  its 
breaking  down  into  carbon  dioxide  and  ammonia  may  go  on  so  rap- 
idly that,  it  consumes  all  or  nearly  all  of  the  available  oxygen.  This 
is  certainly  the  case  with  sewage,  in  which  there  is  a  large  amount  of 
organic  matter  undergoing  rapid  decomposition.  In  the  following 
reports  of  analyses  this  is  well  illustrated.  The  first  is  a  repetition 
of  what  is  found  on  page  23,  while  the  second  is  that  of  a  polluted  water. 
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Table  2. — Analysen  of  a  normal  and  apaHuteil  iratrr  fnnn  MaMuu'hnwttH. 
[Pmrtn  p«r  inilUon.  ] 


"'^■"    T»rbi.Uty.    <-»lor.  ~^„J.     "  .<•.,...,•■,...    ^X'.;^, 

iioWKm-  \"T„?."'  Nitrit«-4.    Nitnit.H 


iiionia. 


moil  ill. 


Normal  ...    Dec^ideil       ft.O       1.2.VJ       i)jHH)      o.(MH)       ().(M)0  l.l  :»l.r» 

Polluted  .  .    Slight  .1.5         .  2IW         .  (MU         .  0-2r»         .  s(M)         -.M.  1  1  '*:.  0 


It  will  be  seen  upon  examination  of  i\w  alnjve  lluit  in  th<»  jM)llnt(Ml 
water  the  turbidity  is  less  than  in  tin*  normal  wat^»r,  tlie  <ol<)r  ron- 
siderably  less,  the  totiil  residue  smaller  in  amouni,  and  llir  allmmi- 
Doid ammonia  only  22  per  eent  of  that  in  tlu»  normal  wat<*r.  WIkmi, 
however,  we  observe  the  eomparative  amounts  of  fnn*  ammonia,  we 
lind that  in  the  unpoliute<l  water  there  is  non<%  whili*  in  tlir  other 
there  are  0.r»G4  parts  i)er  million.  This  satisfactorily  bears  out  the 
statement.s  made  in  the  preeodin^  parajj:rai>h.  It  is  (»vi(lent  that 
although  the  albuminoid  ammonia  in  the  p()llut(»d  water  has  Imumi  so 
oxidized  that  the  amount  rcMnaininji;  can  not  1m»  r<»^anh*(l  as  hiirli,  the 
free  ammonia  has  not  deereased  in  proportion.  Tlu*  cansr  of  this 
must  therefore  be  that  the  orpinie  matter  in  the  poUntod  water  is  so 
readily  decomposed  that  it  has  eonsumed  or  was  eonsninin^  all  the 
available  oxygen  at  the  time  th(»  analysis  was  nia<l(^  The  fact  that 
in  the  normal  water  tliere  is  iv ported  no  fre(»  ammonia  in(li<*at<^s  one 
of  two  conditions:  (1)  Either  that  alpe  have  eonsnme<l,  as  food,  all 
the  free  ammonia  as  fiist  as  it  has  Imm^u  made,  or  (-2)  that  tln»  or^canie 
matter  is  not  n^inlily  oxidiz<»(l.  We  shall  eonsi<ler  further  on  just 
*'hich  is  the  most  likely  deduction,  llijrh  fn»<»  ammonia  may  there- 
fore be  an  indic^ition  of  sewajrc  pollution;  at  any  rate  it  impli<»s  a 
rapid  decomposition  of  orjranic  nuitter. 

Xifrites, — The  presence  of  nitrites  in  a  water  is  anothei*  indication 
of  the  ineomplet.^'  oxidation  of  or«i:anic  matter.     It  is  only  one  step 
further  in  the  process  of  oxidation,  and  as  such,  it  must   b(»ar  much 
the  same  sifpiiiieance  as  the  presence  of  free  ammonia.     A  nitrite  is 
an  even  less  stable  condition  of  nitroirtMi  than  free  ammonia;  in  fact, 
it  represents  nothing  more  than  a  short  i)eriod  of  transition  Ix^tween 
free  ammonia  and  the  nitrates.     Kv(»n  in  sewage-polluted  wat<»rs  it 
do<\s  not  occur  in  so  larg(»  a  proi)ortion  as  do  the  other  forms  of  nitro- 
gen,    liapid  indeed  must  W  Uw  initial  stagi-s  of  oxidation  of  organic 
matter  in  order  to  allow  tln^  accumulation  of  nitrites.     Acconling  to 
the  analyses  reiK)rted  in  Table  2  then*  are  no  nitrites  contained  in  the 
normal  water,  but  theix^  an^  0.025  parts  per  million  in  the  polluted 
sample.     The  latt<>r  amount  nmy  l)e  n»garded  oh  cxtrtMuely  high,  and, 
taken  with  the  high  free  amnHuiia,  is  abnost  eerUiinly  due  to  sewage 
pollutJon. 


26  NOBMAL   AND   POLLUTED   WATERS.  [TO-W. 

Nitrates, — The  nitrates  found  in  a  water  represent  the  complete 
mineralization  of  organic  matter.  When  such  matter,  from  whatever 
source  derived,  has  reached  this  state  it  is  entirely  harmless.  This 
is  by  no  means  equivalent  U)  saying  that  a  water  with  a  high  amount 
of  nitrates  and  an  insignificant  quantity  of  the  other  forms  of 
nitrogen  is  safe  for  drinking.  There  is  no  necessary  connection 
between  the  amount  of  nitrates  and  the  good  or  l)ad  qualities  of  the 
water  for  public  use.  Th<^  question  of  the  presence  of  the  si)e<nfie 
germs  of  disease  is  all- important  and  will  be  hon^inafter  considered. 
The  presence  of  nitrates  in  a  water,  therefore,  indicat^^s  nothing 
more  than  '* previous  sewage  contamination."  Of  itJi^elf  it  is  quite 
insignificant,  but,  taken  into  consideration  with  the  det^^rmi nations 
heretofore  discussed,  forms  the  final  link  in  the  t^hain  which  secures 
for  us  a  knowledge  of  the  history  of  a  wat.<^r  under  examination. 

On  referring  again  to  the  two  analyses  in  Table  2  it  will  be  noted 
that  the  amount  of  nitrates  in  the  pollutcnl  wat<»r  is  large,  indicating 
previous  pollution.  Yet  it  does  not  in  any  sense  indicate  that  that 
pollution  was  dangerous.  The  report  of  analysis  of  the  normal  water 
shows  that  there  are  no  nitrates.  This  is  both  uncommon  and  inter- 
esting. The  amount  of  albuminoid  ammonia  in  this  sample  is  large, 
and  under  ordinary  circumstances  we  might  I'easonably  exi)ect  that 
there  would  appear  at  least  a  characteristic  amount  of  the  end  prod- 
uct— nitratos.  But  as  none  appears  we  must  conclude  from  the  anal- 
ysis that  the  organic  matter  in  the  water  is  of  a  kind  that  resists 
decomposition,  and  that  as  fast  as  the  process  is  accomplished  the 
algfe  consume  the  ammonia,  so  that  none  appears  in  the  various  stages 
of  oxidation. 

Chlorine. — Little  or  no  mention  has  been  made  of  this  subst-ance  in 
the  previous  i)ages  in  order  that  the  discussion  of  the  changes  which 
take  place  in  organic  matt<»r  might  not  l)e  complicated  by  other  con- 
siderations. Few  if  any  determinations  in  the  whole  range  of  water 
analysis  are  as  important  as  that  of  chlorine.  It  bears  absolute  tes- 
timony concerning  the  history  of  the  water,  and  its  interpretation  is 
dependent  upon  none  of  the  other  determinations.  It  may  be  under 
certain  circumstances  the  crucial  test  by  which  a  water  may  be 
accepted  or  rejected  for  potable  use. 

It  is  well  known  that  chloride — that  is,  a  chemical  combination  of 
chlorine  with  another  element  of  a  certain  class,  such  as  Oliver,  mag- 
nesium, potassium,  or  sodium — are  found  in  the  earth  in  quantities 
varying  according  to  the  chemical  nature  of  the  geological  forma- 
tions. The  most  common  of  these  is  sodium  chloride,  familiarly 
known  as  common  salt.  These  substances  dissolve  in  water,  some 
readily,  others  slowly,  so  that  water  that  has  passed  through  or  over 
the  ground  is  nearly  always  found  to  contain  chlorides,  generally 
common  salt.  Salt  is  found  in  the  air,  especially  near  the  seacoast, 
and  i»  one  of  the  component  parts  of  organic  matter.     The  water 
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which  flows  over  the  surface  of  the  land  bears  oiiwanl  to  the  ocean 
an  appreciable  amount  of  salt  in  solution,  a  fac*t  whirh  jh  attestcMl  in 
a  familiar  manner  by  the  saltness  of  the  ocean  and  soni<»  of  our  j^reat 
lakes  which  have  no  outlet.  The  wind  blowinj^  over  tlic  sea,  driving 
it  into  spray,  raises  fine  particles  of  salt,  wliicli  an*  (»arri<Ml  through 
the  air  over  the  land.  These  particles,  Immuj^  l)n)ujrht  down  by  the 
rain,  influence  the  amount  of  salt  wbi<*h  is  found  in  normal  watoi^s. 

The  work  of  the  Mas.sachu8ettA  Stat4»  Hoard  of  Health  in  tlic  dct<»r- 
minatioii  of  the  amount  of  common  salt  in  normal  waters  lias  be<*om<» 
classical.  In  a  loni^:  sc»ries  of  analys<»s  of  normal  wat<»rs  selected  in 
ever)' part  of  the  State  it  was  found  tbat  then*  an»distinet  rej^ions 
in  which  the  amount  of  salt  does  not  vary,  <».\<M»])t  within  very  narrow 
limit^i,  and  that  areas  of  equal  normal  (*hloi'ine  may  be  delined  upon 
a  map  of  the  State.  It  was  found  that  the  bouncbiry  lines  of  sueh 
districts  follow  roujijhly  the  coast  line,  and  as  the  eoast  is  r<MM»d(»d 
from  the  amount  of  salt  in  normal  wat(M*s  ^rows  l(»ss.  This  work  has 
boon  taken  uji  in  Connecticut,  Vermont,  Xew  Jei-sey,  Ohio,  and  vari- 
ons other  States.  (See  fij<.  1.)  How  is  sueh  a  map  to  be  put  to  ])rac- 
tical  use?  Before  considering  this  question  it  will  b<^  ne(»essary  to 
take  up  the  matter  of  significance  of  e(mimon  salt  in  surface  wat(Ms. 
Common  salt  is  composed  of  sodium  and  chlorine*  in  equal  propor- 
tions. Therefore,  if  it  is  desired  to  dc^terminc*  th(»  amount  of  salt  in  a 
Riven  water,  it  is  only  necessary  to  isolatt*  one  of  these*  clemcMits  and 
the  amount  found  will  represent  the  whole.  It  is,  for  known  ehonii<'al 
reasons,  better  to  determine  the  chlorine,  and  therefore  in  an  analysis 
of  water  like  that  in  Table  1  the  column  '*ehlorin<»"  repres«»nts  the 
amount  of  chlorides,  usually  common  salt. 

We  have  said  that  salt  is  one  of  the  component  parts  of  both  ani- 
mal and  vegetable  matter.     When  a  surfae<»  water  is  collected  into  a 
stream  it  contains  chlorine  that  has  Ixmmi  derivecl  from  ve<j:etation  as 
^^11  as  from  the  air  and  earth.     Xow,  the  amountof  chlorine  to  b<» 
^fathered  from  the vej^etation  of  a  district  is  as  constant  as  that  derived 
from  the  air  or  ground.     AVlu»n,  howc^ver,  animal  mattei-  is  poured 
into  the  water  there  is  an  immediate  rise  in  the  amount  of  <*hlorine, 
which,  obviously,  can   not  be  accounted   for  by  any  chanjjjo   in  the 
natural  conditions  of  tin*  drainage  area.     It  is  clearly  a  contril)ution 
from  sources  other  than  those  normally  exist  in<;.     Th(»  wast<^  prod- 
ucts of  man,  such  hh  uvhio  and  faH*cs,  and  of  the  household,  such  as 
garbage  and  wash  wat^»r,  contain  lar'i:(»  amounts  of  salt,  and  when 
such  waste  is  turned  into  a  rivor  its  pfeson(H»  is  easily  det(»ct<Ml.    Now, 
the  use  of  a  normal  chlorine  ma[)  Ix^comes  api)arent;  whenever  the 
water  from  any  district  is  analyzed  it  is  only  necessary  to  compare 
the  content  of  chlorine  found  with  the  normal  content  for  that  dis- 
trict, as  shown  on  the  map,  and  if  the  analysis  shows  a  higher  annmnt. 
there  is  only  one  d(»duction  to  be  made — tliat  is,  the  watiM*  is  or  has 
been  jwlluteil  with  sewage. 
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When  chlorine  is  onoe  introduced  into  a  water  it  remains 
tiiroiighout  the  journey  to  the  sea,  accumulating  according 
normal  conR*nt  of  the  country  or  the  pollution  introduced, 
organic  matter  may  be  complet^lj'  oxidized,  generations  of  alg; 
mature  and  die,  coh)r,  hardness,  turliidity,  odor,  and  all  els< 
chang<s  but  clilorine  remavins  fast.  Public  sewers  may  be  intrc 
into  a  river  and  change  it  to  a  stream  of  reeking  filth;  mile 
afterwards  l)e  traversed;  sedimt^ntation,  oxidation,  and  the  mot 
tie  filtration  may  take  pla(*e,  and  the  water  may  again  be  si 
for  drinking,  yet  the  actual  amount  of  chlorine  carried  along 
stream  does  not,  under  usual  circumstances,  decrease  iipprec 
It  may  appear  in  smaller  proportion  at  on<»  point  than  at  anotln 
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Fic;.  1.    Normal  ••hloriin*  iiiup  of  M:iSKachuM'tts  hi:(1  ('oniifrH'tirut. 

not  l>y  reason  of  any  reduction  of  the  actual  amount  of  chlorin 
illustrate,  the  water  of  the  lilackston(^  River  just  below  the  Woi 
precipitation  works  contained  in  the  year  1000  an  average  c 
parts  of  chlorine  per  million;  after  flowing  a  few  miles  t-o  Ux 
it  contained  13.8  parts,  and  finally  at  ^lillville,  a  short  distance 
the  State  line,  it  contained  only  0.3  parts.  Tlie  river  in  its  pi 
from  Worcester  to  Millville  receives  a  comparatively  large  amc 
pure  wat-er  from  it«  tributaries,  also  a  large  amount  of  pollutio 
different  establishments  along  its  course,  but  the  amount  of  t 
added  is  in  no  way  proportional  to  the  amount  of  pure  water  e( 
uted.  Therefore  the  proportion  of  chlorine  to  water  must  grow  ] 
along  tlie  coui*se  from  Wor(*ester  t-o  Millville.     It  is  obvious  th 
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proportion  of  chlorine  is  never  reduced  to  an  amount  <M|ual  to  the 
normal,  and  therefore  must  bear  evidence  of  fornu»r  abnso.  The 
abnormal  chlorine  in  a  water  maybe  likencMl  to  tliosrar  l«»ft  from 
some  ugly  wound;  although  the  partM  may  1m^  united  and  tho  sur- 
rounding tissues  l>e  healthy,  yet  the  mark  of  former  injury  can  never 
be  effacetl. 

Toial  remdue, — Under  *'Tot4il  residue"  art*  included  all  matt^»rs, 
organic  or  mineral,  which  serve  to  |K)llut<»  tin*  water.  In  the  al)ove 
analysis  it  means  that  if  1,CHH),()CX>  parts  of  water  were  evap<)rat^»<l 
there  would  remain  in  the  container  51.5  parts  of  residue,  which  would 
represent  practically  the  weight  of  the  total  impurity. 

Amihjses  of  normal  and  ixUluU'd  HHifers. — The  following  analyses  of 
normal  and  i>olluted  wat4»rs,  taken  fnmi  the  sjM^cial  n»porl  \\\Mm  the 
''Examination  of  water  supplies,"  ma<le  by  the  Massachus<»tts  Stat^ 
Board  of  Health  in  181M),  are  very  useful  in  illustrating  tlu^  principles 
almvo  set  forth.  The  first  set  of  analyses  represents  normal  wat(»rs 
and  tho  se<*on<l  iniUuted  waters. 

Tabljc  3. — Analynvs  of  uormul  aud  pttiluinl  initrrH. 
[PartH  iHT  million. ] 
NORMAL  WATER. 


Nc. 


Turbidity. 


:  Color. 


1  None I  0 

2  Decidwl 1 

3!  ...do '  6 

4|Slight. [  4 

•'>  do 3 


-do 


0 


Albumi- 
noid am- 
monia. 


0.022 

.  702 

1.252 

.  180 
.  152 


Nitr..({< 

11  HH 

_. 

Chi 

oriin* 

T 

)tul  n»«- 
i<lm'. 

Fni»  aiii- 
luonia. 

Nitrit«-H. 

Nitmti's. 

0.000 

(>.(KM) 

0.000 

O.H 

.->().  0 

.000 

.  000 

.o:{o 

* 

1.0 

2r>.o 

.  000 

.  000 

.000 

1.1 

.•jl..-) 

.i:{0 

.(M)l 

.  2r)0 

1.0 

;u;.5 

.000 

.0(H) 

.or>o 

r». ;{ 

:{2. 5 

.0(M> 

.000 

.  o(iO 

21.0 

50.5 

POLLUTED  WATER. 


7    Distinct 

H    Very  slight 
9    Distinct 

10  Slight 

11    <lo 


I 

0.  284 

0.  124 

0.(M)!) 

0.  150 

1.0 

107.5 

5. 5 

.10(5 

.(K)0 

.  (M)4 

.  550 

5.4 

1 

51.5 

1.0 

.108 

.010 

.(M)4 

.  2(M) 

5.8  i 

50.0 

1.5 

.  262 

.(MM) 

.010 

.170 

20.  0 

102.5 

1.5 

.20:j  ' 

.  ()04 

.025 

.8(M) 

24.1 ; 

127.0 

Careful  examination  of  the  al)ove  table  shows  that  chemical  analyses 
alone  may  furnish  ver>^  little  information  concerning  the  healthfulness 
of  a  water  unless  certain  matters  determined  are  iu  oxceediugly  Ui^h 


30  NORMAL    AND   POLLUTED    WATERS.  [ho.  TO. 

proportion.  Aiialysin  11,  iu  Table  .*J,  for  iiiHtaiK^e,  is  such  that  a  per- 
son could,  with  a  fair  (l(»gree  of  safety,  condemn  the  water.  The  free 
ammonia,  nitrites,  and  chlorine  are  high,  giving  evidence  which  is 
unmistakable.  Sewage  is  poured  into  the  body  of  water  from  which 
this  sample  is  taken. 

Supposing,  however,  this  series  of  analyses  was  not  divided  into 
"normal"  and  "polluted,"  how  would  we  be  able  to  place  8  in  its 
proper  position  under  "polluted  waters?"  The  results  of  the  deter' 
minations  in  this  analysis  appear  lower  than  some  of  those  in  the 
normal  list.  On  comparing  it  with  4,  for  instance,  it  will  l>e  seen 
that  in  the  polluted  water  the  turbidity  is  less,  the  color  not  much 
more,  the  total  amount  of  organic  matter  not  greatly  different.  The 
free  and  albuminoid  ammonia  are  much  less  in  the  polluted  water; 
tiie  nitrites  are  considerably  more,  but  not  so  great  as  in  normal 
water  2.  The  nitrat^^s  are  higher,  but  this,  as  has  lK»en  explained, 
means  little  so  far  as  the  healthfulness  of  the  water  is  concerned. 
The  marked  difference  in  the  two  seems  to  l)e  in  the  amount  of  chlo- 
rine, but  if  we  glance  at  the  normal  chlorine  map  (fig.  1)  it  will 
be  seen  that  if  8  were  collected  in  the  region  of  Boston  and  4 
were  collected  farther  west,  these  amounts  of  chlorine  would  both  be 
normal.  If  we  do  not  know  where  they  were  collected  or  whether 
the  nitrogen  compounds  are  the  result  of  decomposition  of  harmless 
vegetable  matter  or  dangerous  animal  waste,  the  bare  water  analyses 
are  nearly  worthless;  but  taken  in  connection  with  a  knowledge  of 
the  locality,  population,  and  sewerage  conditions  within  the  drainage 
area,  the  analyses  are  preeminently  useful  in  determining  the  condi- 
tions of  the  water. 

Hardness, — Some  of  the  damages  done  by  the  use  of  hard  water 
have  already  been  referred  to  under  the  title  "Use  in  boilers"  (p.  14). 
In  a  public  supply  a  hard  water  is  troublesome  and  expensive  by 
reason  of  the  fact  that  when  it  is  used  for  household  washing  it 
requires  a  larger  amount  of  soaj)  to  produce  the  desired  result.  The 
fatty  acids  in  the  soap  must  first  neutralize  the  calcareous  matter  in 
the  water  before  it  can  be  used  for  washing.  A  uniform  scale  for  the 
determination  of  hardness  is  at  present  the  subject  of  considerable 
thought  among  water  analysts.  The  present  methods,  however,  are 
efficient  to  a  certain  degree  of  accuracy  and  enable  us  to  distinguish 
a  soft  water  from  a  hard  one. 

There  are  two  grades  or  kinds  of  hardness  which  will,  wherever 
possible,  be  distinguished  in  the  following  pages.  The  first  is  due  to 
the  presence  of  alkaline  carbonates,  such  as  calcium,  sodium,  and 
magnesium  carl)onatc»s.  When  water  containing  these  compounds  is 
boiled  their  effect  quickly  passes  off;  consequently  it  is  designated  as 
"temporary  hardness,"  or,  as  it  will  be  termed  in  this  review,  "alka- 
linity." The  second  grade  of  hardness  is  due  to  the  presence  of  alks- 
JJne  sulphates,  chlorides,  and  nitrates.     They  do  not  disappear  upon 
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boiling,  and  therefore  maintain  a  '*i>ermanent  hardness''  or  ^'iioriiial 
hardness." 

In  the  sueceeding  pages,  in  llie  ciise  of  New  Knghtnd,  where  tlie 
total  hardness — that  is,  ]K>th  teniiH)rary  and  iH»rinHn(»nt  toj^ether — has 
l)een  determined,  the  amounts  indicating  the  degree*  of  hardness  are 
the  result  of  a  reduetion  of  the  amounts  of  all  alkalini^  earth  salts  to 
terms  of  an  equivalent  amount  of  earbonate  (A  lime.  In  otluM-  wonls, 
in  Table  7  the  statement  of  the  har<ln(»ss  as  1 1  means  that  the  water 
iDntains  an  amount  of  alkaline  salts  whi(*h  make  it  as  hard  as  wouhl 
have  been  produced  by  11  parts  of  earbonate  of  lime  per  million.  In 
the  statement  of  the  hardness  in  th<»  casi*  of  waters  in  the  Ohio  Hasin, 
on  the  other  hand,  where  the  hardness  is  (livi<le<l  into  ^Memporary" 
and  "permanent,"  the  temporary  hardness  iinlieates  th(»  amount  of 
alkaline  earb<mates  reduced  to  an  equivahMitof  (*ahMum  <*arb()nate; 
and  in  the  case  of  |>ermanent  hanlness,  the  amounts  in<'lud(»  the  alka- 
line sulphates,  chlorides,  and  nitrates  reduced  to  an  (MjuivahMit  of 
calcium  carbonate. 

Summary. — lu  the  prece<ling  pages  an  att<»mpt  has  b(»en  ma<l(^  to 
briefly  and  plainly  state  the  charact(»ristics  demand<Ml  of  a  wat(»r 
required  for  public  and  household  us(»s.  Many  d(»tails  have  been  pur- 
posely omitted,  but  it  is  believed  that  enough  has  Immmi  said  to  enables 
the  reader  to  comprehend  the  changes  that  take  place  in  the  dangerous 
or  undesirable  ingredients  common  to  water  supplies,  a  knowledg(^ 
ofvhieh  is  necessary  to  a  proper  understanding  of  the  <'ontents  of 
the  following  pages. 

POLLUTION  OF  NATURAL  WATERS. 

The  pollution  of  natural  watei^s,  though  it  may  be  sometimes  una- 
voidable, is  usually  highly  danmging  to  th<'  resources  of  the  country 
in  which  it  takes  place.  The  matter  is  a  troublesome*  one  in  i)opu- 
lous countries  and  has  occui)ied  the  attention  of  chemists,  engin<»ers, 
land  promoters,  and  others,  as  well  as  of  courts  of  law,  having  be<*n  a 
fruitful  source  of  litigation.  The  basis  of  action  in  all  cases  of  this 
charjicter  is  founded  on  the  principles  of  common  law  in  respect  of 
the  ownershiji  of  real  property.  The  title  of  a  land  owner  in-esump- 
tJvely  extends  upward  to  the  clouds  and  downward  to  the  earth's 
center,  embracing  everything  ui)on  the  surface  and  beneath  it.  This 
includes  the  mineral  wealth  in  the  ground  and  arising  out  of  it,  such 
*w  coal,  iron,  copper,  oil,  water,  and  even  gas.  The  wat<'r  (lowing 
from  a  spring  situated  upon  a  certain  i)iece  of  property  belongs  t^)  the 
owner  of  the  land  as  truly  as  do  the  blades  of  grass  that  grow  upon 
it.  A  water  right,  whether  it  be  vested  in  a  si)ring,  well,  or  river,  is 
ftppurtenant  to  the  land  aiul  passes  with  it  by  conveyance.  The  own- 
ership so  secured  carries  with  it  the  assurance  that  all  water  i)as8ing 
out  of  or  over  the  property  shall  be  nornuil,  and  that  any  pollution 
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other  than  that  caused  by  tin*  iiaiurail  tlraina^eof  occupied  Uind  lyh 
above  is  m^tioiiable  in  law. 

The  Hituation  is  well  suiiiiiuhI  up  in  a  few  paragraphs  from  tl 
American  and  English  KncycloiKHlia  of  Law,  volume  28,  under  tl 
heading  "  Wat^^r  courses: " 

RiX>arian  rightH  an'  tbt;  corrt^hitive  rights  of  lul joining  proprietors  upon  t 
hankn  of  water  courses  with  resjMHrt  to  th(»wat«r  thereof.  ♦  »  »  The  iiropei 
in  the  water  is  indiviHible,  and  all  proprietors  art*  entitle<l  to  an  wjuality  of  rigl 
therein. 

In  conHwiueiu^e  of  the  common  right  of  rijiarian  proprietors  to  the  benefits 
water  flowing  through  their  land  the  general  rule  is  that  no  proprietor  has  t 
right  to  use  th*»  water  to  the  prejudice  of  another.  This  principle,  however,  d< 
not  restrain  the  use  of  the  waters,  so  that  there  can  Iw  no  diminution  or  inipe 
ment  whatever,  but  the  true  measure  and  standard  of  theus:^  which  a  rii)an 
owner  may  make  of  his  right  is  the  reiisonablencKS  thereof.  Each  is  entitled 
a  reasonable  use  for  domestic,  agricultural,  and  manufacturing  purposes,  *  * 
reasonable  with  resiKHt  to  the  rights  of  others. 

A  right  to  a  rea.sonable  use  includes  the  right  to  release,  let  down,  and  d 
charge  waters  in  order  l)eneficially  to  employ  them:  and  the  exercise  of  the  rig 
entails  no  liability  for  injuries  necessarily  caused  thereby  to  others  in  regard 
the  rise  of  the  stream:  yet  if  the  discharge  withdraws  from  another  the  use  of  t 
waters  to  which  he  is  entitle<l,  or  if  it  needlessly  deprives  another  of  his  benefic 
use,  or  injures  or  destroys  another's  proi>erty,  a  case  for  damages  is  pieeented. 

The  right  to  the  reasonable  use  of  the  wat(»r  of  a  stream  not  navigable  tl 
flows  through  ones  land  includes  the  right  to  confine  and  obstruct  its  flow  wi 
dams  in  order  to  utilize  the  water  power,  or,  for  other  beneficial  purposes, 
detain  the  water  for  such  a  length  of  time  as  it  may  l)e  reasonably  necessary  1 
such  use,  notwithstanding  the  detention  injuriouslyinterferes  with  another's  ex< 
cise  of  his  right  to  the  reasonable  use  of  the  stream  in  its  natural  state. 

The  right  of  every  owner  of  land  through  which  a  stream  of  water  flows 
have  the  same  flow  in  its  natural  stiite  extends  to  the  (piality  as  well  as  the  qufi 
tlty  of  water,  and  therefore  one  who  i)ollute8  or  contaminates  water  may  be  lial 
to  those  injured  thereby,  and  a  court  of  equity  will  interfere  by  injunction 
restrain  such  use  as  will  caus:^  an  irreparable  damage  or  endanger  the  compla 
ant's  rights  by  adverse  possession  if  continued. 

A  frequent  ground  of  action  arises  from  the  oiwrationof  mills  and  factories,  t 
refuse  from  which  i)oi8ons.  corrupts,  and  renders  unwholesome  the  waters  ol 
stream,  or  in  some  otlier  way  impairs  it  usefulness.  The  deposit  of  dyestul 
whereby  a  stream  is  ix>lluted  or  disc^olored:  the  discharge  of  poisonous  or  cor 
sive  substances  into  a  stream,  whereby  the  machinery  of  lower  riparian  own< 
has  been  injured:  emj)tying  offensive  matters  from  tanyards.and  deposits  of  sa 
dust  waste  or  refuse  of  mills  tj  the  injury  of  lower  proprietors,  have  been  held 
be  actionable  and  proper  grounds  for  injuncticm. 

A  riparian  proprietor  who  pollutes  a  stream  by  an  unreasonable  discharge 
sewage,  to  the  injury  and  inconvenience  of  lower  riparian  owners,  is  liable  1 
damages  therefor.  If  a  muncipal  corporation  causes  sewage  to  pollute  a  wai 
course,  to  the  use  of  which  a  lower  landowner  through  whose  premises 
passes  is  entitled,  it  is  guilty  of  a  nuisance,  for  which  damages  may  be  recover* 

It  appears,  then,  that  there  is  no  legal  justification  for  the  polluti< 
of  wat^r,  yet  so  universal  is  the  practice  that  it  has  come  to  recei' 
moral  justification  at  the  hands  of  society  and  nieetjs  no  general  co 
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(lemnation  except  in  eases  where  it  ^oes  ])eyond  the  boiitulH  of  human 
endurance.  A  few  States  in  the  Union  have  reeo^nizetl  the  daiiiage 
arising  from  water  pollution  and  have  made  inti^llijjfent  investipUions 
forthepui'pose  of  correcting  the  evil.  The  results  of  some  of  these 
investigations  will  lx»  i^resented  in  the  following  papvs,  together  with 
the  results  of  examinations  made  by  several  towns  and  eiti(»s  as  a 
consequence  of  local  necessities.  1^h(^  dala  are  arranged  according 
to  drainage  areas,  and  in  the  cas(^  of  interstate  riv(M-s,  where  the  work 
lias  occurred  in  several  States,  th(^  results  obtained  for  a  particular 
stream  will  be  combined. 

MERRIMAC  RIVKU  BASIK. 

GENERAL  FEATURES  AND  METHODS  OF  UTILIZATION. 

Course  and  drainwje  area, — The  Merriniae  drainage  basin  is  4,553 
square  miles  in  extent.  (See  fig.  2.)  It  is  situated  in  New  Hampshire 
and  Massachusetts,  occupying  in  th(»  latter  State  1,1. JO  square  mih\s. 
TheMerrimac  River  proper  is  formed  by  the  junction  of  the  Winne- 
pesaukee  and  Pemigewasset  rivers  at  Franklin,  N.  11.,  from  which 
place  to  its  mouth,  at  Xewburyport,  Mass.,  it  is  al>out  110  miles  long. 
From  Franklin  it  takes  a  south-southeasterly  course  until  it  passes 
for  a  short  distance  into  Massa(*husetts,  when  it  abrui)tly  turns  north- 
eaatward  and  enters  the  Atlantic  (Jcean. 

There  is  a  wide  variation  in  the  i)hysieal  ehaiacters  of  the  ^lerrimac 
Basin.  A  large  part  of  it  is  highly  cultivated  and  fertile*,  but  at  the 
headwaters  of  the  different  tributaries  the  country  is  exceedingly 
rough  and  rugged.  A  small  part  of  the  area  is  low  and  swamp3^ 
Forests  worthy  of  the  name  are  almost  entirely  wanting  in  large  parts 
of  the  basin,  their  absence  causing  a  c(»rtain  inconstancy  in  the  flow 
of  the  river,  but  this  has  been  in  a  measun^  eorrecU^d  by  a  thorough 
system  of  storage,  natural  and  art  ificial. 

Throughout  the  basin  the  underlying  rock  is  larg<4y  granite,  which 
furnishes  a  valuable  source  of  supply  for  building  materials. 

Storage, — Within  the  drainage  area  of  the  Merrimac  are  many  lakes, 
ponds,  and  artificial  reservoii*s  which  afford  exci^lent  storage,  and, 
88  has  been  stated,  comi)ensate  in  a  measure  for  the  effe(*ts  of  (^\ten- 
sive deforestation.  The  most  important  of  these  are  Lake  Winnepe- 
saukeeand  LongBay,  covering  71. 75square  miles;  S<[uani,  New  Found, 
Belmont,  and  Massabesic  lakes.  Smiths  and  Suncook  ponds,  and  a 
^ug  chain  of  reservoirs  in  Massachusetts,  which  conserve  a  water 
supply  for  the  "Metropolitan  district.'' 

Transportation, — The  river  is  not  important  as  a  means  of  trans- 
portation. Small  coastwise  vessels  nuiy  ascend  as  far  as  Haverhill 
only,  and  the  amount  of  traffic  is  not  large. 

Power. — Ad  a  source  of  water  power  the  Merrimac  throughout  its 
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whole  extent  ih  justly  famous.  In  the  main  river  there  is  a  total  fall 
of  209  feet  in  110  uii'les,  an  aviM-age  of  2Ao  feet  per  mile.  This  fall 
however,  is  concentrated  at.  six  principal  i>oints,  giving  most  advan 
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Fio.  2.— Merriina*.*  Rivor  drainaKf  basin. 


tageoiis  power  facilities,     l^p  to  the  pnssent  time  there  have  b 
iiUJized  over  40,000  liorsepower  at  Lowell,  Lawrence,  and  Manches' 
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On  the  tributAries,  too,  then*  are  a  lar^o  luiiiiber  of  j^ower  sites, 
which  have  been  utilized  extensively.  In  Table  4  is  given  the  total 
utilized  horsepower  on  each  iiliportant  tributary.  Some  of  these, 
especially  in  the  drainage  area  of  the  (-onconl  and  Nashua  rivers, 
havel)efMi  abandoned  to  make  way  for  th(»  metropolitan  water-supply 
system. 

Tablk  4. —  Utilized  hftrHviMtuwr  ttf  frihnfarii's  of  ^fcrrim^t^'  River. 


Branch. 


Powwow  River 

Shawsheen  River 

Spickett  River  _ 

Beayer  Brook 

Concord  River 

Stony  Brook 

Kaahua  River 

Sonhegan  River 

Cohas  Brook    _ 

Piscataqnog  River 

Soncook  River 

Soucook  River 

Contoocook  River 

Winnepesankee  River 
Ptemigewasset  River.. 


Total 


Totifcl  util- 
ized h<)r»e- 
ixiwer. 

DruiiiAfre 
iniloH). 

1,850 

50 

645 

72 

701 

79 

687 

92 

4,962 

380 

904 

35 

11,762 

516 

2,451 

224 

170 

44 

1,250 

214 

2.S81 

264 

72 

90 

6,  :mo 

766 

6. 5o;{ 

480 

4,114 

1,013 

45, 312 


Ice. — With  the  exception  of  Lake  Winiieposauke6  there  are  no  very 
Wge  ice  fields  within  the  IMerrimae  drainage  area.  Taken  (»ollec- 
Wvely,  however,  the  ice  industry  is  very  large,  each  i)ond  or  lake 
^hich  has  remained  sufficiently  i)ur(»  being  the  source  of  supply  for 
^he  country  imraediatoly  surrounding.  Then*  are  no  reliable  records 
^f  the  size  of  the  ice  crop  within  this  basin.  The  industry  is  largely 
localized,  each  field  having  a  different  ownership,  and  the  returns 
^ade  by  the  diffei*ent  owners  are  certainly  not  correc't,  for  the  endeavor 
^o  escape  taxation  has  induced  the  several  companies  to  make  returns 
^hich  are  usually  far  below  the  actual  amount  of  ice*  cut.  The  com- 
'^on  measurement  of  ice  in  the  fields  is  1,000  tons  to  the  acre,  the 
^<?e  being  about  12  inches  thick.  Within  the  Merrinmc  Basin  it  is 
Possible  to  cut  two  or  three  crops.  A(*cording  to  the  Tenth  Census 
'^port  on  water  power  there  are  about  KK)  square  miles  of  pondage  in 
^His  basin,  equal  to  64,000  acres.  Assuming  that  25  per  cent  of  this 
^I'ea  is  available  for  ice  cutting  and  allowing  for  only  one  crop  during 
*he  season^  which  is  certainly  a  low  average,  tlierei  ^fouY^^i^aN^JA^iX:}^^ 
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160,()(K)  toiiH  Oil  tho  lakc»8  alone.  Allowing  for  a  larj^e  crop  on  the 
rivers,  it  appears  that  1,(K)(),(K)()  tons  a  season  is  a  conservative  esti- 
mate, and  the  total  amount  cut  is  probably  far  more  than  this.  At 
all  events,  th(»  value  of  this  syst^^m  as  a  source  of  ice  sui>ply  is  very 
great. 

FLOW  MEASUREMENTS. 

During  a  series  of  years  th<»  flow  of  the  Merrimac  has  l)een  carefully 
measured  at  Lawrence,  and  the  discharge  is  given  in  the  following 
table: 

Tablk  5. — EHtimati'il  annual  dixcharije  of  Mn'rimac  Hirer  at  Tjfnrrem*t\  J/rt«t. 
[Draliuifr«^  aroa,  4,/ir».'<  Hqiian*  mileK.] 


Ymr. 


1890. 

1891 . . . 

1892... 

1898... 

1894... 

1895... 

1896... 

1897... 

1898... 

1899... 


Ditichar^  in  i*cM'OTici-ftH»t. 


Run-4»ff. 


Maximum.     Minimum. 


in.  500 
89,0<K) 
24,S00 
44,8m) 
2;jKM) 

(r),:i(H) 

82, 150 
41,499 

:W),  000 
:jh.  200 


51M) 
280 
225 
280 
104 

71 
18;} 
170 
872 

50  i 


Mi'an. 


9, 878 
8, 370 
5, 809 
4,850 
5,085 
5,  799 
7,187 
8,002 
8,418 
0,404 


I  Total  in  at'n'- 
I  fwt. 


6,  785, 780 
0,088,910 
4.204,911 
4,720,807 
8,045,052 
4.190,978 
5, 208, 029 
5,800.105 
5,092,841 
4,072,824 


IX'pth  in 
incheH. 


27.98 

24.  84 
17.58 
19.47 
15.08 
17.25 
21.40 
28.  JM) 

25.  05 
1.42 


:n.'<*ontl- 

foet  per 

Hqnare 

mile. 


2.06 
1.48 
1.29 
1.43 
1.11 
1.27 
l..->8 
1.76 
1.8.) 
UK  20 


On  th(»  Sudbury  Kiv(»r,  tributary  to  the  (-oneonl,  measurements  of 
flow  have  been  regularly  nuide  since  the  year  1875,  and  are  set  forth 
in  the  following  table: 

Tabi.k  0. — Mranflitw  of  Sndhitry  River  in  cnhie  feet  per  seeand,  1S7'»-V.mh). 
[Draina^jfu  aroa,  75.2  sfiuaro  milew.] 


Y*«r. 


Sc»cond- 
fe*)t 


Y(«r. 


!  S«MM>nd- 
I      fwjt. 


1875. 

1870. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882 
1883. 
1884.. 


Ill  1885  . 

118  1880- 

141  1887.. 

109  1888. 

104  '  1889.. 

07  I  1890. . 

114  1891.. 

100  1892.. 

02  1898.. 

181  1  1894.. 


105 
120 
184 
197 
170 
149 
150 
90 
120 


Y*^r. 

fcet. 

1895- 
181K)- 

-    -- 

134 

119 

1897. 

114 

18J)8 
1899. 

1.53 
113 

1900. 

126 

Meaii 

124 
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CHARACTER  OF  NORMAL  WATER  IN  THE  MERRIMAC  BASIN. 

Tlie  waters  of  the  Morrimac  have  been  8tudi(»d  more  oarof  ully,  ^jrob- 
ibly,  than  those  of  any  other  river  in  the  world.  Th<^  ^laasacluisc^tts 
Uat4»  15oard  of  Health,  famous  for  its  pioneer  work  in  nio(h*rn  riv(»r  sur- 
*py,  has  iletermined  verj'  closely  the  e]mract.<»r  of  the  wat^»r  in  tliat  part 
►f  the  draina^^  area  that  lies  within  tlie  Stat«».  No  work  of  ini[)()rtanee 
uw  l)een  done  by  the  Stat«  of  New  Hampshire,  but  the  waters  of  the 
A''miei)e.saukee  have  Ijeen  earefull}'  aiialyz<»d  by  th(^  Commonwealth 
•f  Massachusetts.  The  natural  (conditions  in  the  drainage  ai*ea 
ire,  however,  sufficiently  uniform  to  warrant  the  assumption  that 
he  normal  characteristics  of  the  heaclwators  in  Massaehus(^tts  are 
epresentative  for  the  whole  area. 

Tablets  7  and  S,  the  first  consisting  of  analyses  of  i)raet  ieally  normal 
urface  waters  and  the  second  consisting  of  analyses  of  nornuil  ground 
iraters,  will  fairly  sei"\^e  as  an  index  of  the  eharactcM-  of  unpolluted 
rater  in  the  Merrimac  Basin.  Tlie  last  column  in  these  tables  shows 
he  number  of  analyses  on  which  the  averages  stated  were  bas<Ml. 


Table  7. — Annlynes  of  nannal  surface  v^afrrs  in  Merrimac  Hasin. 
[PartH  iM»r  million.] 

Nitr<>j<i»n  as— 


lace  of  collection. 


Turbidit}-. 


I 


Qdbury  r«?9ervoir .' 

Yamingham    r<?»-  ;  Sliif ht  to  de<'ided 
ervoir. 

-Mhland  re»H*rvc)ir do 

"agrig  Pond ,  At*t<)ii .    None  to  Hli^^bt 

cot^t   reHCrvoir, 

Pit<rhburg. 

tayncrt    r«M^rvoir, 

Leomintiter. 


loffie      rt»Mervoir, 
Leominster, 
andy  Pond,  t'on- 
wrd. 

Vystal  I^ke,  Hav- 
erhill. 
•ke  WinneiMtHaii- 

'tenawj»>k     Lake, 
New  HampHhire.'' 


Slight  to  derided 
do 


Very    Hlijfbt     to 
Mli^bt. 


I._ 


|i  ■  s 

I  a     *a 
|a  ,  I 


2.2  j  0.1T5  {  O.JM) 

l.U  i     .ITO  Jt*2 

I 

«.8  I     .22:i  .(112 

.5  •   .iT(» '  jm 

l.«  I    .227  I  .(IHH 

l.(i       .'.m  '  .()l(i 


2.H  !    .iw      jnr;  ,    .immi 


o.uii  '  ().(tr>4 


.(mi 

.(NNI 
.(MM 


.8 

1.0 

1.(1 


.l:i»      .(ml      .(mi  i    .(i4l 

I  I  I 


I 


jm  I   .(MI2 


.i:« 


.(HH) 


.(W 


u         ^ 


.047  :  2.4 
.(111  I  2.4 
.(»2«l 


1 

i 

1 

3t\.2 

11 

;*i.a 

12 

;*T.^ 

^1.1 

!.(»  l^i.7 
1.2  21  i» 
2.5     ail.  ft 


8.0  ]  m.t 


•1.2 
1.4 


mA\ 


52 


C*) 


24 

1 


«  Ni«8ler  8(>ale. 

^Over  80,  extendini;  over  18  yt^rs. 

''Exneiwof  chlorine,  0^. 

rfFomiBbcd  by  H.  E.  Barnard,  New  Haiuimbin*  HtAtAs  lAVH>raU>TV  ot  '£L^vt\eit\'». 
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Tablk  H. — AiutlyHPH  of  nornutl  ground  waters  in  Merrimcu*  Bojnn. 
[Part*  iH*r  million.] 


Pleu'.vi  of  (^»lUH;tioii. 


El-Hazar,  Lowoll 

Bnllardvale,  Andover 'A 

Framingham ,  1 

Peppereil '  1 

Concord !  U 

Methuen |  0 

Chelmsford '  2 

Dracut 2 

Well  in  Sandbarton 0 


Nitrotpen  as— 


J 


11 

|a 


0.<I12 
.012 
.CK5 
.OIW 
.(«> 
.012 
.02 
.077 


O.UH 
.<KK3 
.OU) 

jm 
.(m 

.006 
.OOH 
.000 


f 
% 

O.IIM) 

.000 
.000 
.OW) 
.(XX) 
.000 
.(XX) 
.ttXj 


O.Offi 
.(K« 
.085 
.0tJ5 
.2(M) 

.la) 

.510 
.040 
..IX) 


■  I 


1.0 
2.4 
2.2 

1.5 
2.6 
2.0 

i.H 

2.7 
1.7« 


^4.0 
33.5 
3S.0  ] 

5:10 ; 

26.5 
»5.0  i 
27.0 
33.5  ! 

55.  ()  I 


I 


4 

17 
24.5 

4 
21 
6 

6.5 
2.0 


POLLUTION  IN  THE  MERRIMAC  BASIN. 

The  country  drained  by  tlie  Merrinim;  River  system  contains  a  po 
ulation  of  al^out  0»'J2,500,  according  to  the  national  census  of  190 
Of  this  numl)er,  414,040  dwell  in  Massachusetts.  '^The  population  p 
square  mile  within  the  whole  area  is  therefore  151;  that  in  Nc 
Hampshire  is  71.4;  that  in  Massachusetts  is  304.4.  A  large  proporti( 
of  this  iK)pulation  is  concentrated  within  cities  and  large  towns, 
that  the  al)ove  figures  do  not,  even  api)roximately,  represent  t 
actual  conditions  in  the  drainage  area. 

Pollution  exists  in  the  basin  to  an  extent  that  has  made  the  wat€ 
a  fruitful  source  of  study.  On  the  main  river,  between  Newburypo 
Mass.,  and  Concord,  N.  H.,  there  is  a  larger  civic  population  supph 
with  sewerage  systems,  from  which  large  volumes  of  crude  sewa 
are  daily  poured.  Some  of  the  tributaries  also  receive  a  damagi 
amount  of  pollution.  The  latter  will  fii*st  receive  att4»ntion,  and  th( 
effects  will  be  gathered  together  and  summed  uj)  in  connection  wi 
the  pollution  in  tlie  Merrimac  proper. 


SHAWSHEEN  RIVER. 

Rising  in  the  historic  town  of  Lexington,  Mass.,  the  Shawshe 
runs  in  a  northerl}- direction  and  enters  the  Merrimac  at  Lawren< 
It  is  a  somewhat  unimportant  stream  from  the  standpoint  of  natm 
resource;  the  flow  is  unsteady  and  the  i)ower  values  poor.  As 
source  of  water  supply  it  would  furnish  in  the  driest  year  abo 
20,000,000  gallons  of  bad  water  daily  from  the  34.1  square  miles  • 
tlw  upper  end  of  the  drainage  basin. 
Tlio  population  of  the  portion  ot  Uve  ax^i^  a\>oN^  tci^tlXXwv^A  \&  abo 
125 per  square  mile,  and  appears  \a>  \Hi  ^yo^w^  v«^\^^  .   ^«^^^w! 
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tioiLs  have  been  taken  to  keep  the  waste  from  this  iiumlK'r  of  pe<)[)Ie 
out  of  the  river,  and  the  countr}'  is  highly  fertile  and  swampy  to  a 
Urge  degree,  so  that  the  water  of  the  river  containH  an  abun<lan(*e  of 
orgaDie  matter  and  has  a  high  color. 

Analyses  of  the  water  of  the  river  havo  Immmi  nnwlo  by  tin*  State 
Boanl  of  Health,  as  follows: 

Tabijc  0. — Anal ynea  of  water  fnnn  Shairshfrn  liin-r. 
[PartMp»T  million] 

Xitrojfcn  as  -  '     ^  ^  * 

■^  3        s  -■        '^         s       ^  •** 

PIa«voff-oll«M-tion.  TurWdity.  3  <i     li  f  I  |  I         I      ^Z  ^ 

^-^  =  5   --5     t      t     -H,5     t;:i 

O     <;  El,  ^,  y:         w        E-        S      ^ 

Bedlord Slight 15  0.311  o.un  u.iiil'  o.uC.  r».l»  T«.7  U^'  :; 

Wilmington None  todiHtinct.  ».«  .2Tl»  niH  .ml  jik-,  :j.r,  ri»i..-J    24 

Andi)ver Slight  to  decided  5.1  .:k»  .«r:4  •■»!  (w:  4  2  .V».7  V.i  3 

NorthAndf»ver Slight h.5  .:««  .]i»  .(ik',  s^\  :<.ij  5:^.5  i:i  1 

The  special  report  of  the  State  Hoard  of  Ibsiltli  of  Massacliiisetis, 
made  in  1895,  ujion  the  metropolitan  water  supply  lias  tlu»  followinjj:: 

It  was  the  general  opinion  from  1S74  to  issT  tlu-it  the  wat«*r  of  th*'  Sliawshi^n 
BiTer  wasof  satisfactory  quality  for  the  pnri)r>s^*s  of  a  public  water  sui>i)ly;  but 
the inyestigations  of  the  State  hfjard  of  health  Hiiice  the  latt«T  year  have  showTi 
that  this  is  not  thecase.  The  population  u]h>ii  the  watershed  ( l^:}  per  wpiart*  mile) 
is  not  very  large,  hnt  the  headwaters  r»f  the  stream  are  in  the  town  of  Lexington. 
within  10  miles  of  the  statehonse,  where  there  is  likely  to  Ix*  a  large  •growth  in  the 
fntnre,  and  the  territory  in  and  ])eyond  Lexinj^on  is  used  to  an  increasiuK  extent 
for  market  gardening.  The  watershed  also  contains  many  swamps,  from  which 
the  water  aciinires  a  high  color  and  takes  up  much  nitroi^enous  ori^anic  matter." 

CONCORD   RIVER. 

Sudbury  and  Assal^et  riv«M-s  join  at  (oncord,  Mass.,  to  i'orin  tho 
Concord,  which  from  this  j>oiiit  Hows  in  a  iiortlnM-ly  direction  to  join 
the  Merriraac  at  Tjowell.  (Se(^  ih^.  -).)  The  eoimtry  drained  Ijy  the 
system  varies  in  character,  a  |)art  bein^  extremely  Hat  meadow  land, 
through  which  the  river  winds  slii^irishly,  while  tin*  nMiiainder  is  of 
the  hilly,  rolling  character  comnMHi  to  Massachusetts.  The  Assalx^t 
Basin  and  the  upper  part  of  the  Sudbury  are  of  the  latter  character, 
but  the  Lower  Sudbury  and  the  Coucoril,  from  the  town  of  C'oneonl  to 
Billerica,  are  very  flat.  Two  mihfs  from  its  junction  with  the  Mer- 
rimac  there  is  a  fall  of  40  feet  in  the  (\inconl,  corresponding  to  the 
fall  ill  the  Merrinnuf  nt  Lowidl. 


aBepcTt  MMmchuHetU*  Htat4-  B^Mnl  «»f  Hnalth  uixm  a  M«tn>vtAVtau  'V*.\»>t  ^avw^^*  ,  V  AW. 


40 


NORMAL    AND    POLLUTED    WATERS. 


[KO.W. 


Pollution  in  the  Concord  svsUmu  has  l)een  accurately  aetermined. 
The  lTpp(»r  Sudbury  is  set  apart,  as  a  drainage  area  for  a  part  of  the 
supply  of  the  Massachusetts   inotroi)olitan   district,  and  for  years 


Scale 


Fio.  3.— Contvird  River  drainapre  liasin. 

accurate  analyses  have  been  made*.  The  Assaln^t  has  been  examined 
with  reference  t^)  ils  use  as  a  futun*  source  of  supply,  and  the  Con- 
cord  has  received  attention  all  aloni^  its  course. 


SUDBURY    RIVER. 

Drainage  area. — In  tlu*  Sudbury  area  the  city  of  Boston  had  six 
reservoirs  built  or  started,  utilizing  tlu^  water  from  Farm  Pond  and 
Lake  Cochituate,  when  tlu^  control  was  put  into  the  hands  of  the 
Metropolitan  AVat<*r  Hoard.  The  drainage  ar<»a  here  included  is  as 
follows : 

S4i.  miles. 

Reservoirs  1  to  6 74.656 

Farm  Pond .543 

Lake  Cochitnate 18. 87 


Total. 


94.069 


Within  this  area  are  Marlboro,  Southboro,  Westboro,  Hoi)kinton, 
Aahland,  and  the  largest  populated  voyWowh  o^  'Nv^Uck^  Framingham, 
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iSherborn,  and  Way  land,  all  representing  a  population  of  about  45,30(), 
or  482  per  squan*  mile. 

Conditiojis  in  the  area. — That  waters  can  be  conserved  in  so  poj)U- 
lousan  area  and  delivered  in  \fuoi\  (condition  to  \\w  citizens  of  Hoston 
without  any  purification  save  that  occasioned  by  storajre  may  bo  eon- 
sidpped  remarkable.  It  is  commonly  found  Ihat  a  riv<»r  runiunj^  out 
of  a  valley  liaving  so  many  pei'sons  per  s(|uan»  mile  as  live  in  the 
iMisinof  the  Sudbury  is  so  polluted  that  its  use  in  tlie  raw  state  is  dan- 
^♦'rous.  The  examination  of  the  condition  of  tin*  ShawslH»en  showed 
what  may  be  exjH'ct'ed  even  in  a  country  witli  a  population  of  125  jx^r 
s(|uare  mile.     It  will  then»fore  1)0  profital>le  to  consichM*  tlu»  conditions 


Fkj.  4.     Sudbury  Riv«*r  dniiiinjfi'  }»asiii. 


ithin  the  Sudbury  area  and  sliow  how  it  is  ])ossil)l<»  to  maintain  the 
in-off  water  in  a  normal  state. 

Examination  of  th(»  accom|)anyiiiii:  map  of  th(»  area  (see  iv^.  4)  will 
low  that  Westboro  is  situated  on  the  western  divide  of  the  Sudbury, 
fid  just  beyond  the  divi<le  is  the  sewage-disposal  work  for  the  tow^n. 
n  the  northern  boundary  is  Marlboro,  a  city  of  importance,  and  to 
le  east,  over  th(»  divi(h»,  is  another*  disposal  works.  In  the  stream 
nown  as  Walker  Hrook,  running  through  Marlboro  to  the  great  Sud- 
iiry  reservoir,  has  b<»en  phic<Ml  a  filter,  and  all  of  the  water  f\ro\\\Uv^ 
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city  of  Marll)oro,  which,  as  shown  by  analysis,  is  extensively  polluted, 
is  purified  before  being  mingled  with  the  pure  water  in  the  reservoix*- 
Within  the  Cochituate  Basin  are  South  Framingham  and  Natick,  both 
with  sewerage  systems  and  sewage-disposal  works  the  latter  situated 
outside  of  the  drainage  ai-ea.  In  addition  to  this,  a  filtration  system  ha^ 
been  established  at  the  Reformatory  Prison  for  Women,  while  the  wate  r 
of  Pegan  Brook,  running  from  Natick  into  Lake  Cochituate,  is  filtereci 
like  that  of  Walker  Brook  in  Marllx)ro.  The  differences  between  th© 
waters  of  this  area  and  those  of  others  having  an  equal  population 
are  due  entirely  to  these  precautions. 

Out  of  the  Sudbury  and  Cochituate  basins  there  were  daily  drawn 
in  the  year  1902  about  41  million  gallons  of  water.  If  it  w^ere  not  for 
the  filtration  of  polluted  w^ater  described  in  the  foregoing  paragraph, 
the  water  from  this  area  would  be  quite  unfit  for  domestic  use,  and 
this  large  investment  would  diminish  in  value  or  would  fail  completely. 
It  would  be  necessary  to  filter  the  entire  output,  which  would  cost  at 
least  $5  per  1,()0(),(KK)  gallons,  or,  at  the  present  rate  of  consumption, 
$74,800  annually.  Under  the  prewMit  conditions  the  expense  of  sew- 
age purification  in  the  Sudbury  and  Cochituate  basins  amounts  to 
a  small  fraction  of  this  sum  annually.  Thus  b}'  an  expenditure 
of  a  small  amount  of  money  for  the  construction  of  disposal  works 
and  a  comparatively  insignificant  amount  for  maintenance  the  value 
of  the  Sudbury  resource  is  preserved.  This  is  a  typical  case,  illus- 
trating what  ma}^  be  done  in  the  way  of  preserving  in  its  normal  state 
the  water  of  a  populous  district.  It  stands  forth  in  contrast  to  the 
many  cases  hereinafter  taken  up,  in  which  all  thought  of  preservation 
of  values  undamaged  is  thrown  to  the  winds. 

Character  of  wat^r. — The  character  of  the  water  in  the  Upper  Sud- 
bury Basin  is  well  set  forth  in  the  first  three  analyses  in  Table  7, 
page  37.  It  will  l>e  seen  that  from  all  evidences  the  precautions  taken 
are  successful,  for  the  waters  are  practi(»ally  normal.  The  Cochituate 
wat-er  is  also  nearly  normal  and  is  similar  in  many  respects  to  that  of 
the  Sudbury,  i)ossessing,  however,  a  much  lighter  color.  The  color 
of  the  Sudbury  water  has  been  improved  during  recent  ^'ears  by  the 
drainage  of  swamp  lands  in  the  watershed. 

Passing  out  of  the  hilly  region,  the  Sudbury  winds  along  the  plain 
through  the  towns  of  Sudbury,  Waylatid,  and  Lincoln,  carrying  along 
the  incidental  pollution  from  these  places  as  well  as  that  from  Fram- 
ingham  Center  and  th<»  effluent  from  the  Natick,  Marlboro,  and 
Framingham  filter  beds.  This  pollution  has  its  effect  upon  the  river, 
as  is  shown  by  the  marked  change  in  the  (character  of  the  water.  The 
following  analyses  of  watei-s,  taken  along  the  Sudbury,  Assabet,  and 
Concord  at  different  iK>ints,  are  reproduced  from  the  report  of  the 
Massachusetts  State  Board  of  Health  for  1!KH). 
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Table  \0.^Anaiu9e8  of  water  from  Sudbury  River  between  Saxonville  awl  Way- 
land  (Farm  Bridge), 

[Partn  per  million.] 
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Pliw«»  c»f  collection. 


I>am  above  Hazon- 
viUe  MillH. 


Do. 


llri.u    22      3    :i,OII)  feet  below  Sax- 
onville dam. 


162.5     27  ,  4    4,(a)feetb(>lowSaz- 

I                  I  onville  dam. 

7.  a     90.5     20  I  5     1  mile  below  Sax- 

{                  '  onville  <lam. 

6.9   Ue.O    22  I  6  '2.7mil«*Hl>elowdam. 

H.7  '  92.  .'i     2i»  7            Do. 

16. K   IXi.i)    29  H            Do. 

K.O  I  W..'>  :  fli  9    4.1mileHbt^lowdam. 

6.3  ,  74.5     iSt  10  '  6  milen  Iwlow  dam. 

H.3     HO.O  '  2l(  11              Do. 

6.K     71.5     25  12             Do. 


I  1  I 

Tablr  11. — AiuUyHen  of  ttxiter  fram  Sudbury  Hirer  bi'tu^veii  Waylaud  ami  (  Umrord, 

[PartHiwr  million.]  * 
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Findings. — The  dates  of  collection  of  the  samples  reported  in  Tables 
10  and  11  are  well  select-ed  to  show  the  character  of  the  water  in  Sud- 
bury River  in  midsummer  and  midwinter  seasons.  The  analyses 
given  show  clearly  the  effects  of  pollution  on  the  river  along  the 
entire  course,  from  the  borders  of  the  restricted  area  to  thi»  mouth  of 
the  Assabet,  in  C-oncjord.  Samples  1  and  2,  taken  from  the  dam  al)ove 
Saxonville  mills,  show  the  effects  of  contamination  from  Framingham 
Center  in  the  content  of  chlorine.  Th(»  normal  chlorine  map  shows 
that  the  proper  amount  for  this  an^a  is  al)out  2./)  i)arts  per  million, 
while  that  in  the  samples  indi<*at<Hl  is  *J.O.  The  amount  of  nitrogeu 
in  the  two  determinations  is  noticeably  low.  Tliis  may  be  due  in 
part  to  the  short  term  of  storage  afforded  in  th(»  mill  pond  above  Sax- 
onville dam,  but  the  more  correct  explanation  is  probably  that  the 
water  which  runs  out  of  the  restricted  area  l>elow  the  reservoirs  hag 
little  polluting  material  turned  into  it,  except  that  of  an  indirect 
nature,  and  the  only  testimony  which  remains  is  the  abnormal  amount 
of  chlorine.  As  far  as  the  analyses  show,  the  water  from  al)ove  Sax- 
onville dam  may  be  taken  to  i»epn»8ent  roughly  the  character  of  the 
unpolluted  Sudbury  water.  A  comparison  with  the  analyses  of  the 
water  taken  from  points  below^  may  l>e  fairly  made  ui)()n  this  b^isis. 
Nos.  3  and  4  show  clearly  the  effects  of  pollution  from  Saxonville. 
while  5,  0,  7,  and  8  well  represent  tlie  effects  of  oxidation,  sedimenta 
tion,  and  dilution  with  fairly  pure  water  from  small  tributaries.  No. 
8  allows  in  an  instructive  way  the  differeni^e  in  the  purifying  action 
of  those  three  agents  during  the  <*()ld  season.  Nos.  0-12  in  Table  1( 
and  13-24  in  Table  11  present  no  remarkable  features,  and  merel} 
indicate  the  continued  effects  of  self-purification  in  a  river  which  runs 
through  a  district  spai-sely  iK)pulated.  It  is  interesting  Uy  note  that 
the  amount  of  chlorine  remains  high,  increasing  as  the  points  of  pol 
lution  are  passed,  and  thereafter  b«4ng  reduced  in  proportion  to  tht 
dilution  from  tributary  streams. 

ASSABKT   KIVKR. 

The  drainage  area  of  this  river  is  a  narrow  one,  lying  l)etween  th( 
drainage  basin  of  the  Sudbury  and  that  of  the  Nashua.  The  <*ount  r} 
is  fertile  and  the  affluent  from  s(* wage-disposal  works  at  Westbori 
and  the  polluticm  at  the  village  of  North])oro  all  jussist  in  contain 
inating  the  stream.  The  special  report  of  th(»  State  Board  of  Ilealtli 
in  1895,  in  considering  future  sources  of  supply  for  the  metropolitar 
district,  contains  the  following  statement: 

Owing  to  the  polluting  matters  which  enter  the  streaniH  at  Northboro,  to  tht 
very  large  area  of  swampy  land  along  the  river  between  Northboro  and  the  Bos 
ton  and  Albany  Railroad,  and  to  the  disposal  of  the  sewage  of  W(»8tboro  ni)on  th( 
banks  of  this  section  of  the  river  (Assabet) ,  it  is  not  of  snitiible  quality  for  water 
snpply  pnrposes. 

TJw  analyses  pubiislied  at  that  \.\n\e  U\\\y  \h>\v  v>\\\  vVxx'a  nliiitement, 
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but  sinc»e  then  the  river  has  become  more  polluted.     The  niiinml  report 
of  theStat-e  board  for  the  year  11>0()  eoiit^iiiH  the  following  analyses: 

Tabi^k  12. — AmilyHPH  of  mitt' r  from  AHMdln't  Iiirvi\ 

[PartM  iN»r  mill  if  m.] 

Nitn>K»*n  ivh- 


UUruf 
•■••llei'tion. 


Tiirljidity. 


Col- 
or. 


3  S 

'  — a       a 


Fc-b.ST.lwll.' 

De<ided..-.' 

Aug.lMai). 

SllKht 

AoK. »,!««. 

De<-ided.... 

Feb.  2:.19iH. 

do 

D«) 

do 

AaK.i5.iai). 

do 

Aug.  a.  190). 

do 

Feb.  fr.iaii. 

do 1 

AaK.l.Vl«N). 

Slight 

Anff.ai.iaMK 

Very  slight 

Ffb.  «,I«H. 

Slight ' 

r»b.27,lWll. 

do 

lira)  0.2m  o.tiie.'  iK^i     4..'{    («>.n    in 


5.4 
7.0 

3.:t 

4.0 

H.o 

».4 
3.5 
3.2 
2.4 
3.5 
3.5 


.110  I 
.41« 

.33n 
.:m 

.425 

.4«» 

.:*« 

.27M 
..•«IK 
.2Wl 


.1... 

.H40 
.25«  ' 
.188 

.m| 

.OMO  I 
.288  I 

.2in  I 
.iw 

AM  I 


.UK) 

.(Nr» 

.(NI5 
.OIK 

.(Km 

.01^ 

.urr 

.0(15 
.(MM 
.(Nt5 


I 

P4 


1       ? 

I        3      I 

:^       his 


5.2    5;i.o 

'  24.»    124.5 

15.  U  i  80.5 

7.1 


«. 


7.8 
0.  ti 
5.  '.I 


rrf{.o 

5.T5 

01.5 

70.5 

5<i.5 

57.0 

♦Ki.O 

P1h<'««  of  rolliN'tioti. 


2    iiiili'H   H>)«>v(>  North' 

]H»ro. 
IWlnw  HudHon. 

Do. 

Do. 
liflow  (41<<HM>iidal«*. 
R<*low  Maynard. 

Do. 

Do. 
Nt'ar  iiioutli. 

Do. 

D... 

Do. 


CONCORD   RIVKK,    BKTWEEN   CONCORD    AND    LOWKLL. 

Ik'low  ('oueord,  the  river  slowly  winds  throujrh  a  founiry  of  scanly 
population,  without  materially  adding  to  the  pollution  which  it  hears 
along.  The  water  perceptibly  improves  through  tin*  same  ag(»neies 
a«  are  above  noted  in  the  case  of  the  Sudbury,  until  it  comes  within 
thi'  polluting  influence  of  Lowell. 


T.\BI.K  VA. — AiinljfHi'H  of  in  if  rr  tokrn  of  <liffvrnii  pninfs  oloutj  Coiironf  Rirrr. 

[I  jirtsiM»r  iiiilli«.ii.] 

Ammonia.       Nitro^ron  as 

I  Chlo-''^''^^^    =  ' 

Ni      I     >Ji-      fi"-     ^-•'^*-    y  Pla«-.«of  c.^lltM-tion. 


Turbidity. 


Ver>-  slijfht  . 

Ihk  ... 
^liKht 


V, 


♦■j-y  slight . 
l)«, 


Col- 
or. 


Allm- 
mi-       FriM'. 
noid. 


tritoH.  |tnit«'s.  "'"  •     S 

I  I  ^   ■ 


3.2       0.28fl       0.1(12       0.(101 

I 


3.0         .250 

I 


11.0 
2.6 


2.0 
2.0 


.(IN)        .(ii:{ 
.158        .(«».■, 


.:fij2 

.224 


.018 


.002 

.(Nil 


.(Ml) 
.(Ml) 


o.(i:*i      (5  1     :w{.5     K;     Ii4.1ow    North    Brid»f»\    in 

('on<Mird. 
.1140  ,    c. ;  I  .V.o     17  I  At  Flint'M  bridjr»».  in  Con- 

<-or<l. 
.'ZH)      li. 3  ;  (•»:{. 5     17  '  Junction Sudlmry and  Assa- 


I 


iKit. 


.i:«»  ,    5.2  I  51».0     !('»  ,  Hillcrira. 

.010      1».4  I  01.0  '  25  I  AIma'o      Billorira      water- 

I          I       I  work". 

.oi(»      5.11     51.0  I  14  North  Billorica. 

.010      5.«  j  52.0     14  AlK»ve   Talbot'a   mill,    Bll- 

!           '  lerica. 
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NASHUA  RIVER. 

Nashua  River  riweH  in  Worc'ester  County,  Ma88.,  and  flows  in 
a  northeawterly  direction  into  New  Hampshire,  where  it  joins  the 
Merrimac  at  Nashua.  Above  Laneawter,  Mann.,  the  river  divides  into 
the  North  and  South  branches,  th(»  former  coming  down  from  the 
northwest,  the  latter  having  traced  a  circuitous  course  in  a  general 
northeasterly  direction.     (See  fig.  5.) 


BS^UB, 


Fio.  6.— Nashua  River  draina^  basin. 


There  are  situated  within  the  Nashua  Basin  23  municipalities,  exclu- 
sive of  Nashua,  at  the  mouth,  some  of  which  ext-end  over  across  the 
divide  into  other  watersheds.  The  total  poi)ulation,  according  to  the 
Twelfth  Census,  is  about  83,200,  or  neary  101  per  square  mile.  This, 
however,  does  not  fairly  represent  the  conditions  upon  the  river  sys- 
tem, for  upon  many  branches  the  country  is  sparsely  settled.  Large 
settlements  are  not  numerous,  and  only  three  are  of  important  size. 
Fitchburg,  on  the  North  Branch,  has  a  population  of  31,531;  Leomin- 
ster, a  short  distance  below,  is  reported  to  have  12,393;  and  Clinton, 
the  only  important  center  ontlie  Sout\iBTaiie\i,\\a\^\^^'^^\\\i\iafevtAiLta 
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SOUTH  BRANCH  OF  NASHUA  RIVER. 

he  South  Branch  of  the  Nashua  ha^  a  drainage  aroa  of  120  square 
«,  the  topography  being  hilly  and  steep,  affonling  admirable 
jrtuuities  for  storage.  The  upland  ])ranehes,  Quinepoxet  and 
water,  join  to  form  the  South  liranch,  bringing  in  the  waU^rs  of  a 
itrj'of  small  i>opulation  and  affording  a  sujiply  of  excellent  ({ual- 
Practically  all  of  this  upland  area  has  been  set  aside  by  the 
ropolitan  Water  Board  for  the  consi^rvat  ion  of  a  supply  for  l^oHton 
vicinity.  Tlie  river  is  intercepted  by  a  mammoth  dam,  which 
hold  back  the  waters  of  one  of  the  largest  reservoirs  ever  con- 
eted,  at  a  i)oint  just  above  Clinton. 

le  waters  of  the  reservoir  will  cover  tlu*  present  villages  of 
leston,  West  Boyleston,  and  Ilarrisville,  and  the  work  of  effacing 
e  places  has  already  been  carried  forwanl.  At  the  t  inie  of  the  fii-st 
rt  on  the  project,  in  the  year  1895,  the  population  of  the  proposed 
•icted  area  of  118.23  miles  was  r>l  por  square  mile.  Since  that 
I  there  has  been  practically  no  increase  over  the  whole  country, 
recently  the  destruction  of  the  village- ;  above  mentioned  has 
;ed  a  marked  decrease.  The  completion  of  this  work  will  effect 
lange  in  the  quality  of  the  water  taken  from  this  basin.  The 
points  of  pollution  now  existing  there  will  be  removed  and  stor- 
in  the  new  reservoir  will  improve  th(^  character  of  the  water, 
even  now  the  supply  which  is  taken  from  the  river  and  carried 
ugh  the  aqueduct  constructed  across  the  eastern  watershed  to  the 
bury  Basin  is  of  excellent  quality  and  will  serve  as  a  normal  from 
jli  to  consider  the  pollution  in  the  lower  reaches  of  the  river. 
»rence  to  the  map  of  normal  chlorine,  page  28,  will  show  that  the 
►ortion  for  this  country  is  1.6  parts  per  million. 
iinepoxet  and  StiUtvater  rivers. — From  the  Massachusetts  reports 
5  been  taken  the  following  statements  of  analyses  of  waters  gatli- 
from  the  Quinepoxet  and  Stillwater  rivers,  the  one  at  llolden  and 
)ther  at  Sterling: 
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Tablk  14. — AnalyneH  of  water  f ram  Quinejxkrrt  and  Stillwater  rivers, 
QUINEPOXET  RIVER  AT  HOLDEN. 
[PartM  iH«r  million.    AveraK***  >>y  years.] 


Year. 

TnrV»idity. 

(>»lor. 

1892... 

Slight 



6.2 

1893..-. 

do 

7.2 

1894... 

do 

6.1 

1895... 

Very  slight  to 
distinct. 

7. 7 

1896... 

do      

6.4 

1897.... 

Very  slight  to 
decided. 

< .  1 

1898.... 

Slight... 

6.2 

1899.... 

Very  slight  to 
decided. 

4.8 

Nitrr>Kon  aw- 


1900 


do 


AUm-        p._„„    I 

™^'^*'"*    amm'V'     ^i-     I      Ni- 
iimrao-        „i™*^    tritcH.    trat<w. 


nla. 


0. 194 
.192  ' 
.214  I 
.289 


nla. 


0.014    0.(K)1    ,  0.088 


.  250 
.  275 

.248 
.261 


I 


5.1 


.(K)4 
.041 
.  020 

.012 
.  032 

.  030 
.028 

.036 


.001   I 


.001 
.003 

.000 
.001 


.001 
.(X)l 


.044 
.027 
.090 

.045 
.  055 

.037 
.046 


.<H)2        .047 


ChUv 
rino. 


Total     Hard- 
refddac,  ness. 


1.9 
2.6 
2.9 
2.6 

1.9 
2.1 

2.1 
1.9 


37.0 
37.5 
:i8.5 
44.7 

37.4 

:?8.8 
:w.7 

36. 5 


2.1  I    :is.8 


STILL WATEK  RIVEU  AT  STERLING. 


1892... 

None  tx)  slight. 

4.4 

0. 131 

0.001 

O.WK) 

0.072 

1.3 

33.8 

9 

1893..   - 

do 

5. 0 

.147 

.006 

.001 

.002 

1.8 

;J4. 5 

7 

1894... 

do 

4.5 
5.2 
5.0 

.137 
.179 
.229 

.008 
.008 
.016 

.000 
.000 
.000 

.017 
.051 
.  035 

1.8 
1.9 
1.6 

32.0 
34.8 
33. 2 

8 

1895.... 

do 

9 

1896.... 

Very  slight  to 
distinct. 

7 

1897... 

None  to  very 
slight. 

6.6 

.199 

.013 

.  000 

.037 

1.7 

34.7 

8 

1898.... 

do 

5.1 

.158 

.008 

.001 

.026 

1.6 

30.2 

8 

1899... 

Very  slight.-.. 

3.1 

.177 

.020 

.000 

.050 

1.7 

32. 4 

5 

1900... . 

None  to  very 
slight. 

3.3 

.  156 

.  025 

.001 

.  025 

*1.5 

130.7 

7 

South  Brcnwh  of  Nashua  River  at  Clinton. — Just  below  the  dam 
which  marks  the  beginning  of  the  restricted  area  above  descrilH»d  the 
South  Brauch  passes  tlie  town  of  Clinton,  and  there  meets  with  its 
first  important  pollution.  Flowing  througli  Clinton  from  the  west, 
Coaclilace  Brook  enters  the  main  stream.  The  large  plant  of  the 
Lancaster  Woolen  Company,  employing  over  2,000  hands,  contributes 
sewage  and  manufacturing  refuse  into  the  South  Branch,  and  a  small 
portion  of  the  town  also  drains  into  this  stream.  Until  September 
15, 1899,  the  sewage  of  Clinton  and  an  enormous  quantity  of  wool- 
washing  waste  and  other  refuse  from  the  extensive  works  of  the 
Bigelow  Carpet  Company  were  diachaTg^Oi  mW  Co^^^lilaQe  Brook. 
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In  Table  l/i  is  set  forth  reHalt«  of  four  analyst's  of  wat«»r  from  Coach- 
Lw'e  Brook,  which  wan  at  that  time  the  fouh*8t  stroam  in  tho  Na-shiia 

Basin. 

Table  I.k — AnnJywn  of  xntter  from  (UHichhicr  JinH)k. 
fPartM  iKT  million.] 


Turliidity. 


I>). 
Distinct . 
[decided 


AveniKt*  - 


XitroK«*"»'<  — 


fVilor.  ' 


3.5 
3.3 
2.0 
4.0 

2.9 


Albumi- 
,  noiii  am- 
i   monia. 

I     0. 620 

,       .520 

.710 

.78« 


.650 


Fn*o  am- 


2.  2«0 
2. 2(K» 
1.720 
1.620 

1.055 


ChloriiHv 


Nitriti'M.   Nitratf.s. 


().05<l 
.033 
.014 
.  2<M) 

.0H3 


0.  ISO 
.330 
.  2<H) 
.0.50 

.  100 


10.0 
0. 5 
0. 0 
0.7 


0.  S  I 


T»»t»l 


IMi.  5 
HO.O 
04.5 
110.0 

07.5 


('hanwter  nf  trater  at  Lancaatir. — A  sliort  (li.stancr  Ix^low  this  jioiiit 
sLnncastcr,  the  pla<30  at  which  tho  North  Jiraneh  ent(M-s.  Th(*  qual- 
tjof  the  wat<»r  has  l)eeii  doteriiiined  by  a  lon^  series  of  analysers  of 
ttmples  taken  at  a  point  on  the  Soiitli  I^raneh  just  al)ove  the  conflu- 
ence of  the  two  riv'ers.  The  place  was  well  chosen,  for  th(»  water 
aken  there  shows  the  effect  of  the  mixture  of  tlie  water  from  ('oach- 
»(*e  Brook  an<l  that  running  past  the  Lancaster  mills,  as  above 
iescril)ed. 

Table  16. — AnalyHes  of  irater  from  South  lininch  of  Xttshno  liin.'rahnve  its  coil- 
ffncnce  with  North  Brunch  of  fjincasfcr. 
[PartH  per  million.  ] 


Xitrojjfon  a.s— 

1  ^ 

Y.^r. 

Tnrbidity. 

Color. 
5.  3 

If 
0.  a;t« 

5        1 

1 

0.  107   O.OOS 

i 

I 

0.114 

:,.4 

5 
1 

H 
46.6 

■^  i 

m.... 

Very  Blight 

to 

1 
14  ,      16 

difttim^t. 

j 

m..,. 

Distinct 

4.5 

.216 

.004      .006 

.134 

3. 5 

47.2 

16    ;         12 

8»:-... 

Very  slight 
distinct. 

to 

6.0 

.  257 

.002      .004 

.110 

3.2 

44.7 

13        12 

m.... 

Very  slight 
decided. 

to 

5.0 

.  260 

.327      .010 

1 

.098 

3.3 

47.7 

13 

13 

«99.... 

Very  slight 

to 

4.5 

.415 

1.026     .018 

.0S7 

7.5 

73.4 

17 

13 

distinct. 

900.... 

Very  slight 
decided. 

to 

3.3 

.\m 

.537 

.020 

.392 

10.0 

77.3 

19 

13 

901 

Decided.. 

3.3 

.331 

.314 

.012 

.405 

H.l 

78.4 

19 

12 

L 

HR  79—03^ — 

-4: 
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[Mkl 


The  North  Jiranch  of  the  Nashua  is  a  good  power  stream  and  hi 
been  iitilissed  extensively.  It«  flow  is  regulated  to  some  extent  by 
series  of  i-eservoirs,  but  in  spite  of  this  the  flow  is  variable.  Tl 
total  area  of  the  basin  iH  127  miles,  and  the  population  is 
than  that  on  the  South  Branch.  The  communities  of  I.«eominster 
Fitchburg  (*ontain  44,000  inhabitants;  both  places  support  extenflilM 
manufacturing  industries,  and  the  pollution  from  household  sewM 
and  factory  wastes  is  ext4»nsive.  There  are,  nevertheless,  many  pointl 
in  the  watershed  al)Ove  thes<»  towns  where  the  water  is  of  exoellm 
quality.  Among  these  are  Scott  reservoir,  which  supplies  Fit<»hburg; 
and  Morse  and  Haynes  reservoirs  al)ove  Leominster,  analyses  of  whidi 
are  recorded  in  Table  7. 

Normal  water. — Still  farther  up  in  tin*  drainage  area  is  the  Ash- 
burnham  storage  rc»servoir,  which  conserves  a  normal  water  of  a 
character  indicated  in  the  following  report  of  analysis,  it  being  the 
average  of  nine  samples: 

Table  17. — Analysis  r>/  matter  from  AHhbitniliain  tstorage  reaervoir. 
[PartH  iM>r  million.] 

Turbidity '*  None  '  to  '*  distinci** 

Color None. 

Residue  on  evaporation ...    35.8 

Free  ammonia - .001 

Albuminoid  ammonia. _ .037 

Chlorine "1.8 

Nitrates .  Itt 

Nitrites  .001 

Above  Fitrhburg. — Taking  the  watei-sof  Scott,  Haynes,  Morse,  and 
Ashburnham  reservoirs  as  normal,  let  us  descend  to  a  point  a  short 
distance  above  Fitchburg,  where  the  pollution  is  merely  that  from  a 
few  factories  in  the  vicinity  of  West  Fitchburg. 
Table  18. — ^ualyses  of  wafer  from  North  Branch  of  Namhua  River  (ibove 

Fitchburg. 
[Part>*  i>er  inillion.] 


Nitroj^en  as- 


Dnto  <»f  <'<>lkHrti<>ii.         Turbidity 


1900. 
June  19 Very  slight. . 


I  Cokir. 


Albu- 
minoid 

am- 
monia. 


Free 
ammo- 
nia 


Ni-    I     Ni- 
trites. I  trateH. 


August  1 

August  29 . 

September  26  .. 

Ck-tober  23 

November  28. . 

December  26  . . 

Average . 


$.8   0.170   0.002  ,0.001 


do 4.5  .182  i  .008 

None 3.9  .170  .010 

Slight 3.8  I  .216  .008 

None 4.2  .192  .012 

do 6.0  I  .178  I  .022 

Very  slight.-  4.5  |  .130  ,  .012 
4.4  ;  .177  .011 


.001 

1 

0.050 

.000 

.010 

.000 

.050 

.001 

.080 

.000 

.020 

.000 

.070 

.001 

.180 
.051" 

.000 

Chl«>- 
rine. 


1.4 
1.6 
1.8 
2.3 
2.3 
1.8 
1.8 


1.9 


Total  I  I 
resi-  I  a 
due.      g 


I 


33.5 
32.5 
31.5 
36.5 
42.5 
35.0 
36.0 
3379^ 


wNormvl, 
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£xcept  for  h  Hlight  increase  in  the  anion nt  of  chlorine  the  alM)vo 
analyses  do  not  differ  significantly  from  those  in  the*  normal  r(»s(»rvoirH 
•bove  noted.  This  difference  is,  however,  an  important  one  and 
bearH  unmistakable  evidence  of  the  pollntion  a]H>ve  ncMed. 

Below  Fifchlnirg, — Below  Fiti^hbnr^  th(»  character  of  the  water 
Hiidergoes  a  marked  change,  its  is  indicated  by  thi*  following  series  of 
analyses  of  samjdcs  taken  at  a  point  jnst  ])elow  the  city.  It  will  Im^ 
observed  that,  although  the  evidences  of  pollution  an»  elear,  they  ilo 
lot  indicate  the  extremely  foul  character  which  was  apparent  in  the 
waters  of  Coachlace  Brook,  on  the  South  Branch. 

Tabijc  19. — Analyttes  of  irater  from  Nitrth  Hntuch  of  Xnshmt   Rirrr  hrloir 

Fitchfmrg. 


[PBrt» 

p«»r  million.] 

Nitn»K« 

'H  IIH 

1 

DRti^  of  (•oUec^tion. 

Color. 
5.7 

AU)a- 
minoid 

am- 
monia. 

Vroo  um- 
moniu. 

0.461 

Nitrit4's. 
O.OIH 

Nitrntt'H. 

0.  lis 

('lil«»- 
riin*. 

6.9 

Total 
rwsi- 

<llU'. 

74.6 

t 

s 

1893 

O.'M) 

20 

1894.        

5.6 

.846 

.  (\:\4 

.020 

.152 

7.  5 

::{.9 

19 

1895...     .    

5.9 

.  42:J 

.H',12 

.010 

.i;{4 

7.5 

si.o 

2*^ 

1896.                      

4.8 
6.1 
5.1 
4.3 

.409 
.  420 
.467 
.657 

.()77 

.  ;J7o 

.  4:{5 
.  967 

.017 
.  007 
.009 
.  009 

.151 
.  120 
.117 
.  069 

7.1 
6.  1 

4.8 
7.2 

St.  5 
()S.  2 
60.0 
7().  2 

*H) 

1897..                    

1H 

1898..                  

16 

1899 

18 

1900 

8  9 

.660 

1.011 

.010 

.072 

9.7 

Hl.O 

20 

Below  Tjf^/rmin^ter, — Descending  farther  \vr  come  to  Leominster,  at 
'Which  place  enters  a  pollut;<»d  stream  known  as  ]\Ionoosnoc  Brook, 
the  characters  of  which  are  shown  by  the  followiiij^  statcnnMit,  which 
is  the  average  of  Un\  analyses  mado  in  iSUU  and  VM)i). 


Table  20. — Avenuje  of  ivn  anali/fn's  nf  water  from  Momnysuor  Brooh\ 
[Parts  iMT  luillioTi.J 


Turbidity 
Color 


Doci<le<l. 


)  on  evaporation 49. 9 

^ree  ammonia .  280 

Albmninoid  ammonia .       .     . .  444 

Chlorine... . 4.3 


titrates. 
Nitrites  . 
Hardness 


.071 
.0075 


12 
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Af  Lnntuhstfr. — Another  serieH  of  analyses  appeai-M  to  have  beeR- 
made,  th(»  water  l>ein^  taken  from  the  North  Branch  at  a  point  just 
above  its  confluence  with  the  South  Branch.  This  iK)int  is  alsoweB 
chosen,  as  the  river  carries  all  the  pollution  which  has  entered  above 
save  that  which  has  been  oxidized  or  deposited  in  the  course  of  tii6 
stream.  Analys<*s  of  tlie  water  here  show  just  what  is  contrilnited  by 
the  North  Bran(*h  to  the  Nashua  River  system. 

The  following  ivconl  covers  six  years,  and  can  therefore  be  acce|>ted 
as  indicative  of  the  truc^  characU^r  of  the  water: 


Tablk  21. — Anahjm'H  of  icatcr  from  North  Branch  of  yanhna  Rivi'r,junt  above  Om 
voiiflainiCi'  with  the  South  Branch  at  Tjancanter. 

(Pai*t«  jHT  million] 


Dato  of  ccjlkHTtioii. 


185).").    .    ..  5.1 

1896       . 4.7 

1897.        .- 5.4 

1898 4.5 

1899...' :J.6 

1900   :M 


Nitnijron  a«- 


.2  2 
Si 
£S 


0.  2«9 
.  293 
.  2«)0 
.  2(W 
.:ur) 
.  :J22 


0.2H2 
.217  I 
.285  I 
.  222  i 
.540  i 
..501 


I 
I 

0.019 
.019 
.008 
.013 
.016 
.022 


5 

1 
1 

X 

1 
3 

1 

^ 

5z; 

h 

% 



— ■ 

0.  2:^6 

7.  7 

69.6 

1» 

.  155  1 

5. 5 

61.6 

IS 

.1.50 

4.2 

.52.9 

\l 

.168- 

4.4 

.5<1.7 

15 

.132 

6.0 

63. « 

1( 

.  1.52 

6.6 

63.4 

IS 

A  comparison  of  the  nssulls  in  Table  21  with  the  analyses  of  wat€r 
from  the  South  Branch,  Talile  10,  shows  that  until  1801)  North  Hraiich 
was  the  more  highly  polluted. 

During  the  years  1805-1808,  inclusive,  the  amounts  of  frec^  amiiioum, 
nitrat<^s,  and  (*hlorine  in  South  Branch  water  were  approximately  50 
per  (*ent  of  those  in  North  Branch.  Aft^r  1808  there  appears  to  Im'» 
decided  change  in  the  character  of  the  water  in  South  Branch;  organic 
ingredients  increased  remarkably  and  rea<^hed  a  maximum  in  the  year 
10(X).  It  is  evident  that  unusual  conditions  arose  to  pro<luce  thU 
result.  A  history  of  the  work  of  tli(»  Metropolitan  Water  l^oard  of 
Massachusetts  upon  the  South  Branch  of  Nashua  River  shows  that  in 
March,  1808,  a  large  proportion  of  the  run-olT  water  in  the  basin  of 
Soutli  liranch  above  Clinton  was  diverted  for  use  in  the  metropolitan 
district.  This  water  had,  up  to  this  time,  been  eflicient  in  diluting 
the  refuse  and  sewage  discharged  from  Clinton,  and  its  withdrawal 
was  immediately  apparent  in  the  condition  of  the  stream  below. 
Coincident  \vith  this  diversion  there  was  in  progress  the  preparation 
of  Wachusett  reservoir;  old  dams  were  removed,  the  surface  of  the 
country  was  stripped  of  vegetation,  and  large  amounts  of  water  were 
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'ned  into  the  stream  from  foundation- wall  excavations.  The  result 
»  that  the  water  which  flowed  past  Clinton  was  made  extremely 
rbid,  and  must  have  carrie<l  along  in  solution,  as  well  as  in  suspen- 
>n,  great  quantities  of  organic  matter.  These  con<litions  are  entirely 
ifficient  to  account  for  the  change  in  the  character  of  South  Branch 
ater  above  its  confluence  with  North  Brancli. 

The  unfavorable  change  in  the  character  of  the  water  in  South 
Iranch  is  only  temporary.  The  l)eginning  of  an  improvement  took 
lacH*  late  in  the  fall  of  the  year  1S91),  when  the  sewage  of  Clinton  and 
he  manufacturing  wastes  of  the  Bigelow  Cari)et  Company  were 
diverted  into  newly  constructed  purification  works.  The  completion 
►f  Wa<*husett  reservoir  will  mark  the  end  of  the  operations  which  have 
ncreased  the  organic  constituents  in  the  river  water  and  South  Branch 
v\\\  be  restored  to  its  former  condition,  or  l)e  greatl}'  imi)roved. 
ilr.  F.  P,  Stearns,  chief  enginei»r  of  the  Metropolitan  Sewerage  and 
iVftter  Boartl,  has  expressed  the  l)eli(»f  that  Ww  al>ove  result  will  be 
■«Bache<l  in  the  fall  of  the  year  10()3,  or  early  in  the  spring  of  li»04. 

From  Lduuasier  to  Xashun,  X,  If. — We  have  now  traced  the  pol- 
ution  in  the  hea<l waters  of  the  Xashua  brandies  down  to  a  point  at 
^hich  the  main  river  takes  its  origin.  From  this  point  to  <Troton  tlie 
•iver  flows  very  sluggishly,  and  from  (Iroton  to  a  i)oint  3  miles  from 
^t*  confluence  with  the  Merrimac  its  fall  is  more  rapid,  becoming 
luite  steep  for  the  remainder  of  the  coui-se.  P'rom  Lancaster  to 
N^ashua  there  is  no  settlement  contributing  imi>ortant  pollution.  As 
Ae  river  sluggishly  winds  along  its  course  it  is  increased  in  flow  by 
Hher  streams,  notably  the  Scjuannacook  at  Aver  and  the  Nissitisset  at. 
f^eppcrell,  so  that  when  it  reaches  the  latter  i)lace  dilution,  sedimenta- 
•iion,  and  oxidation  have  had  an  effect  which  may  bc^  rea<lily  s(hmi  by 
Examining  the  following  repoi-ts  of  analyses: 


Tablk  22. — AnalyiieM  of  Witter  fn tin  Suslma  Hhwr  at  (intfim  (tnd  Peppert'll. 

[Parts  jx^r  million. J 


>ate  of  ••<>1- 
l«»rtion. 


Turbidity. 


a^.  I«,18e9. 

ar.l5,lMI0. 
ay  16,1900. 

i^.^.iono. 


T 


Decided 

SU^ht 

Very  gUght . 

do 

Decided 

Very  alight . 
Slight 


Nitro^ft'ii  as- 


4.0  I 


0  s 

li 

0.  uu 


0.014        O.lNCi  I 


2.(» 

rA'A 

.lUi 

.(»I4 

.2:>» 

2.7 

.'£*i 

JM 

.012 

.  i:io 

2.4 

.'Sm 

Am 

.004 

.(»S0 

4.2 

.2I'4 

.:«« 

.(»« 

.110 

1.5 

.200 

.100 

.005 

.Ot'iO 

2.3 

.2r>8 

.2:h  I 

.018  . 

.1(N» 

4.0 
7.0 
H.  2 
«.  7 
«.4 
7.0 
«.2 


li> 


4H. :» 

(m.O 

B7.r) 

I^K  5 

(J8.r, 

(iO.O 
65.0 


Pla<'t»(>f  coIUn'- 
tiou. 


(4rot<)ii. 
P«'Pl»«'rell. 

D... 

D«.. 

Do. 

Do. 

Do. 
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Flowing  ever  more  swiftly  it  passes  into  the  State  of  New  Hamp- 
shire and  emerges  at  Nashua  in  the  Merrimac.  The  average  of  19 
analyses  made  during  the  yea.rs  1887-88  appear  below.  The  samples 
were  taken  at  Mine  Falls,  al)ove  Nashua  pollution. 

Table  23. — Average  of  nineteen  analyses  of  water  from  Nashua  River  at  Mine 

Falls. 

[PartH  per  million.] 

Turbidity Slight  to  decided. 

Color 3.8 

Residue  on  evaporation 45.8 

Free  ammonia .029 

Albuminoid  ammonia •.. .187 

Chlorine «2.» 

Nitrates 103 

Nitrites... OflJ 

OTHER  TRIBUTARIES  OF  THE  MERRIMAC. 

Outside  of  the  State  of  Massaehusetts  the  character  of  the  wale» 
of  the  Merrimac  drainage  area  is  almost  unknown.     The  New  Hamp- 
shire laboratory  of  hygiene  has  not  yet  been  established  for  a  time 
suffici(*nt  to  allow  extensive  investigations.     It  is  probable  that  in  doe  ! 
time  tliis  laborat<)ry  will  complete  the  work  which  has  been  carrietl  oa 
by  the  State  J^oard  of  llc^alth  (►f  Massachusetts. 

PiscdfaqiuHj  and  Confoiook  rirer.s. — No  analyses  are  available  ot 
the  water  of  the  Piscatuquog  or  Contotook.  It  is  safe  to  assert  th^^ 
neither  stream  is  j)ollute<l  to  any  extent,  for  there  are  no  important 
set tlemeiits  in  the  valleys.  The  population  in  the  Ixasin  of  the  Coti-' 
totook  is  only  -ilA  per  square  mile. 

Ldkf'  Winnf'jH'S(ifil^ef\ — Tlu*  water  of  Lake  Winnepesaukee  hasbee^ 
analyzed  by  the*  Massachusetts  State  Hoard  of  Health  for  the  purpoe*^ 
of  determining  its  titnoss  as  a  sourei;  of  supply  for  the  metropolitan 
district.     The  av(M-age  is  inchnhMl  in  Table  7. 

l\'ini(jf'irn.ssff  Rinr. — The  I *emigewasset  Valley,  which  liesattb€ 
head  of  tli(^  Merrimac  system,  has  a  population  of  17  persc^uare  mile- 
No  s<»werage  systems  enter  tlu*  river,  ikh'  are  there  any  large  center^ 
of  populat  ion.     The  supi)ly  of  water  to  the  Merrimac  is  therefore  pur^ 
and  abundant.     The  only  available  analysis  has  been  kindly  furnished 
by  Mr.  II.  K.  Harnard,  ch(»mist  of  the  New  Hampshire  laboratory  of 
hygiene.     The  place  of  (collection  was  at  Campton  Village,  at  tlie 
extreme  southern  end  of  the  basin.     It  thei-efore  fairly  represents  the 
character  of  the  water  furnished  by  the  Pemigewasset  drainage  aras 
to  the  Merrimac. 


"Chlorine  1.4  alx>ve  normal. 
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ftLK  24. — A^tmlysis  of  water  from  Pemigew€Uttet  River  at  (Uunpton,  S,  //. 

[Putteper  million.] 


plieamuMNfr. 


Total 

residue 

on 


evapo- 
bidity.       Color,     ration.     ^Vee. 


Ammonia. 

Albuminoid. 


T"tal.  \^^^y   I>end- 


Chlo- 
rine. 


XitnijfvuHM-- 


Ni-  Xi- 

trat*"?*.      trit«'H. 


Hard- 


4.0  34  j  0.016     0.094    O.fWT     0.  KM)     0.  UK) 

I  i 


>LLUTION  OF  MBRRIMAC  RIVER  AT  MANCHESTER,   NASHUA. 
LOWELL.  LAWRENCE,  AND  HAVERHILL. 

lavinjr  considered  the  cliHrackM'isti<\s  of  tlip  water  in  th<»  tril)utan<^s 
ich  have  receivecl  attention  from  analys<*s,  l(»t  us  n»vi*'w  tlio  work 
ieh  has  l)een  done  in  the  Merriiiiac  profx*!-  aii<l  show,  as  closely  as 
isible  with  the  data  at  hand,  how  each  tril)iitaiy  afVeets  tlie  river; 
0  the  changes  due  to  the  extensive  pollution  wliieh  arises  from  tlie 
ies  along  the  bank. 

Manchester. — We  have  said  that  the  upix^r  i)art  of  the  Merrimac 
»  is  sparsely  settled,  and  that  such  analyses  as  aie  available  show 
it  the  wat^r  is  pure.  PYom  tlie  C'ontotook,  Pemi^ewassel,  aiul 
innepesaukee  di*ainage  basins  there  is  (h^ivered  into  the  Merrinuu; 
freat  volume  of  water,  which  is  increased  by  the  numerous  smaller 
bntaries  which  enter  all  along  th<»  course.  It  is  not  likely  that  it 
inges  greatly  in  character  until  it  rea<*hes  .Manehester,  X.  II.,  an 
portant  manufacturing  city  of  5(l,i)S7  inhabitants.  Sewa^^e  and 
rtiufacturing  wastes  are  i)Oured  directly  into  the  river,  and,  although 
ire  are  at  hand  no  analyses  to  show  \\w  exact  condition  of  the  wate  , 
is  certain  that  the  change  is  marked. 

Na.shiui. — Sixt-een  miles  below,  at  the  city  of  Nashua,  a  series  of 
alyses  has  been  furnished  by  Mr.  Uarnard  which  shows  th(»  effect 
Manchester  pollution  after  it  has  been  carried  alon^  for  thi^  above 
itanee.  It  is  at  this  point  that  the  abundant  (low  of  Nashua  River 
ters  the  Merrimac,  dilutes  still  furthcM*  the  Maiichest<M'  pollution, 
d  renders  the  sewage  from  Nashua,  a  city  of  l>:},s1)S  inhabitants, 
«  damaging  than  it  would  be  under  coiidiiions  not  so  favorable. 

Table  25. — Average  of  ninetrcn  analf/srs  of  tnit^r  fnnii  Mvrriinac  Jiiver  ttt 

[Parts  iMT  million.] 


Appearance. 


Turbidity. 


ight 


Total 
residnel 


Color. 


on 

rat 

ratii 


evapo- 
lon. 


Fret'. 


I. 


/ 


8.4  I  5().  1   •  0.014 


Ammonia. 


Albiimintiid, 


Nitr«)»c»*n  a'^ 


(^blo- 
rlnc. 


Sufi- 


Total.  L?,!"ed.'  I^d- I 


od. 


0. 158 


1,5 


Ni- 
trHt<««. 


0»0T4 


Ni- 
trit««. 


0.(K)2 


Hard- 

UOHH. 


\!1 
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fiat 


IjOwelL — Leavine:  Nashua,  the  river  en)S8es  the  State  line,  and  wheo 
it  reaches  a  i>oiiit  opposite  the  old  water  intake  at  Tx>well  it  isofi    bi- 
quality  shown  in  th(»  following  analysis: 

Table  26. — AnalffsvH  of  irater  from  Merrhiuw  i^iivr  ainwe  J^nirll. 
[AveraK«^  by  yeara,  monthly  Hamples.    Partn  per  million.] 


YearH. 


1888...    

1HH9 

1H9<)   

18J)1 

181)2 

1803  a.;j  * 

1894     -     '  3.5  ' 

1895 '  4.1 

inm '  4.0  ' 

1897 ■ 5.1  1 

1898  .    .     '  4.2' 

1899       2.7  ! 

19()0 .'     2.7  ' 


Ci»lor. 

Albumi- 
noid am- 
monia. 

8.0 

0.148 

2.8 

.149 

3.0 

.128 

2.9 

.129 

3.9 

.141 

Nitrojifen 


Freo  am- 


The  waU^r  n'pivs(»nttMl  in  Uw  s(»rios  of  analysers  above  set  forth  was 
formerly  useil  in  its  raw  stat^»  as  the  principal  water  supply  for  the 
city  of  Tjowell.  Tlie  history  of  thiit.  municipality  during  this  i>eriod 
furnishes  to  the  world  one  of  tlu*  clearest  illustrations  of  the  cost  of 
w^ater  poll ut  ion  extant,  and  it  stands  among  epidemiologists  as  one 
of  the  classical  (^xamplos  of  disease  production  through  i>ollu ted  water 
supply.  No  history  of  typlioid  f(»vrr  is  comidete  without  an  account 
of  the  Lowell  ei)id<'mic.  For  years  the  typhoid  rate  was  abnormalt 
but  litth*  attention  was  given  to  it  until  the  year  1890,  when  there 
occurred  from  Sei)tembcr  of  that  year  to  January,  1891,  a  seri(*s  of 
550  cases.  Prof.  William  'I\  Sedgwick,  in  a  remarkable  investigation, 
traced  the  origin  of  the  epid<Mnic  to  a  few  individuals  who,  while  in 
the  prodromal  stage  of  tyi)hoid  fever,  had  polluted  a  small  brook  which 
enteins  the  ^I(»rrimac  a  short  (distance  above  Lowell. 

Tlu»  pecuniary  damag<*  caused  by  ixdluted  water  throughout  all  the 
yeai's  in  which  the  AbM-rimac  was  used  as  a  source  of  supplj''  w^ill  never 
be  even  approximately  estimated.  In  the  epidemic  of  1890  alone 
there  was  a  loss  of  O'i  lives.  In  addition  to  this  there  was  the  expense 
incident  to  the  care  of  550  cases  of  t  h(»  disease  and  the  temporary  loss 
of  produotiveness  of  all  those  who  esc^aped  death.    The  greater  part 
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of  this  drain  npon  the  resonrces  of  the  community  was  without  a 
shade  of  justification;  it  might  have  been  prevented  hy  thi»  exerrise 
of  nuinicipjil  decency.  After  the  lesHon  liml  \hh*u  loariuMl,  tin*  <'ity  of 
I/)well  was  obliged  to  a<ld  to  the  total  cxiHjnso  by  const  ru<-ting  a  new 
supply,  the  cost  of  which  will  be  borne  by  gen<»rations  yet  niilM)rn. 

As  the  Merrimac  i^asses  by  Lowell  its  burden  of  s<»wagc  is  in<*n*as(H! 
by  the  addition  of  wastes  from  ll5,(MK)  jM^rsons  and  from  oiiormous 
mills  and  factories. 

Lawrence. — Flowing  i)  miles  farther  th«*  river  reaches  the  city  of 
Lawrence,  and  there,  opposite  the  intake  of  th<»  works,  th<»  wat<M-  has 
aehamcter  denoted  by  the  following  series  of  annual  av«M-ag«*s,  <*ach 
average  l>eing  tlie  result  of  monthly  analyses: 

Tablk  27. — AnnlyneH  of  tniter  from  Mrrriimir  fiirrr  (iIhuw  /jiirrrnrt^. 
[PartH  iHT  million,  j 


Ymr. 

(N>lor. 

Alhnmi- ,  p. 
noidam 
monia.   . 

1 

\m 

3.0 

0. 180  ' 

\m 

8.0 

.176 

1890 

3.3 

.166 

1891... 

2.7 

.  152  ' 

1892 

'     4.3 

.181 

1893.. 

'    4.2 
3.7 

.181   i 

18W.    

.167 

1895 

i  5.1 

.249 

1896.  .     

i     4.2 

.220 

1897 

!     5.6 

.22S 

1898 

'     4.5 

.212 

1899 

S     2.9 

.  232 

1900 

3.0 

1 

.  224 

Nitr«»K 

*nH.s 

n.io 

Total 

Hard 

Fret»  am- 
nionia.    , 

N*itrit«T*. 

Nitrat.-,. 

riiHv 

n-sidiuv 

ll«*H.M. 

0.026 

O.JM)*^' 

i)Jt*M 

l.S 

m.  X 

.  O:^ ) 

JH):\ 

.0T.> 

1.7 

:{o.<* 

.  04r» 

.001 

.  ()x\i 

1.7 

:U.9 

16 

.040 

.JMM 

.  110 

l.s 

:C.9 

13 

.042 

.(M)l 

.105 

l.H 

41.2 

14 

.057 

.<M>t» 

.0^1 

2.  0 

:{s.  (i 

11 

.m;2 

.<MM 

.  (HVA 

♦>    ;{ 

:{7.o 

12 

.  mu 

.<M>*2 

.(»:i 

'J.  s 

4:i.  \ 

14 

JK>M 

.on:; 

.os7 

vf.  1 

:i9.  N 

12 

.049 

.(H)] 

.or»: 

•,*.o 

:is.  { 

11 

.050 

.(mk; 

.05s 

•>  • ) 

:{9.o 

11 

.OSS 

.no:i 

.050 

•J.  \ 

:«».  9 

10 

.  ONt» 

.no'i 

.or»n 

2.5 

:'i9. 0 

11 

The  history  of  the  Lawrence  watei-  supply  ami  tin'  <'onscMiu<*nccs  of 
its  use  closely  resc*ml)le  thoso  aln^ady  drscrilMMl  at  Lowell,  and, 
indeed,  the  account  of  tluj  cv«Mits  in  th<*  two  cities  is  generally  com- 
bined. For  years  the  raw  water  from  the  Meniinae  was  pumped  into 
^he  Lawrence  mains.  Following  the  diseharge  of  typhoid -infected 
stools  from  the  sewers  at  Lowell  thei<»  arose  a  widespread  epidemic  in 
the  lower  city.  In  Lawrence  the  source  of  supply  was  not  changed, 
b^t  the  first  sand  filter  in  the  country  was  established  at  a  cost  of 
*^5,C)0(j.  Through  tliis  filter  the  water  of  Lawrence  is  now  drawn  at 
^^  annual  expense  of  *8,00r)  or  *0,0(X),  the  result  being  that  the 
typhoid-fever  rate  in  the  city  has  been  Qonsiderably  lowered. 
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A  comparison  of  the  water  after  it  has  been  passed  throngh  tl 
filter  with  that  in  the  river  is  instructive.  For  this  purpose  the  f( 
lowing  analyses  are  presented,  each  being  the  average  of  12  montli 


Table  2S.—AHalyiteH  of  the  effluent  of  the  Lawrence  filter. 
[Parts  per  million.] 


Year. 


C/olor. 


Albami- 
noid  am- 
monia. 


1894 

1895 

3.9 
5.0 
4.0 
5.6 
4.3 
2.7 
2.H 

1896. 

1897 

1898 

1899 

1900 

0.094 
.108 
.099 
.108 
.090 
.089 
.108 


Nitroi^n  i 


Free  am-' 
monia. 

_       I 

0. 103 
.146 
.121 
.123  I 
.107  I 
.087  I 
.  123  I 


NitriteB.  Nitrates, 


0. 002 
.001 
.(KM 
.002 

.m)i 

.001 
.(KM 


0.309 
.274 
.319 
.317 
.324 
.205 
.173 


Chlo- 
rine. 


3.0 
3.1 


2.6 

2.8 
07 


Total 
residue. 


Hai 


I 


61.0 
59.5 
54.3 
51.7 
46.6 
44.4 
43.0 


Table  29. — Increase  in  amount  of  impurities  iu  Merrimac  River  trttter  fron 
point  above  Lowell  to  Lawrence^  as  determined  by  regular  immthly  examinatu 
in  different  years, 

[Part«  i»*^r  million.] 


Year. 


Nitrofjft^n  as — 


I  (^olor. 


Albumi- 
noid am- 
I   monia. 


Freo  am- 
monia. 


Chlorine, 


Nitrit«'s,  :  NitrateH. 


1887- 
1890. 
1891 

1889.. 

0.1 

.5  1 
a  2 

1892.. 

.6 
.9 
.2 
1.1 
.2 
.6 
.3 
.2 
.3 

1893 

1894 

1895 

1896.... . 

1897 

1898.--   - 

1899. 

1900 

0.027  i 
.023  I 
.023  I 
.027  ! 
.032  ; 
.032 

.(m  I 

.053  , 
.  051 
.039  1 
.045 
.027 


0.(K)7 
.016 
.  021 
.019 
.  031 

.022 
.034 
.019 
.024 
.0:^ 
.037 


O.(KK)  ' 

.(KK)  : 

.0(K)  I 

.(KK)  ; 

.001 

.(KK)  I 

.(K)l  , 

.(K)2 

.(KK)  I 
1 
.  002 

.001 

.000 


"0.  (K)3 

".  020 

".030 

".013 

".(X)2 

.000 

.005 

.017 

.(KK) 

.010 

".(K)4 

.011 


0.026 
.280 
.350 
.390 

.aw 

.490 
.630 
.700 
.500 
.440 
.590 
.550 


Total 
reri- 
dne 


6.2 
2.9 
4.H 
4.7 
1.5 
5.2 
5.1 
8.0 
3.7 
8.9 
4.1 


Hai 


«  Decrease. 
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At  Lawrence  the  sewage  from  03,000  persons  and  extensive  manu- 
facturing wastes  are  jMJured  into  the  Merrimac.  Thence  the  river 
flows  8  miles  to  Haverhill. 

Haverhill, — Above  Haverhill  there  were,  from  July  to  November, 
1900,  five  samples  taken,  the  reports  of  analyses  being  as  follows: 

Tablb  80. — Analyses  of  Merrimac.  River  water  above  Haverhill, 
[Parte  per  million.] 


Turbidity. 

Color. 

Nitrogen 

4. 

a 

Date  of 
roUection. 

II 

1900. 

July  17.  ... 

Slight.-. 

2.3 

0.288 

0. 192 

Aiig.21  .... 

Decided. 

1.5 

.316 

.144 

Sept.  18  .... 

Slight... 

1.5 

.82« 

.272 

Oct.  30 

....do... 

3.4 

.360 

.296 

Nov.20 

Decided. 

6.5 

.328 
.324 

.144  1 

Average-. 

3.0 

.210 

I 
% 


^ 


I 

I 


0.004  1 

0.010 

3.9 

46. 5 

18 

.008 

.050 

3.9 

44.0 

16 

.009 

.020 

4.8 

50.0 

13 

.010 

.100 

4.4 

53. 5 

14 

.003 

.080 

3.3 

53.0 

16 

.007 

.  052 

4.1 

49.4 

14 

Haverhill  sewage  is  discharged  into  the  Merrimac.  This  city  has  a 
population  of  31,175.  Analyses  of  th<^  water  from  the  river,  collected 
a  short  distance  below  the  city,  are  reported  by  the  State  Board  of 
Health  as  follows: 

Table  81. — Analysen  of  Merrimac  River  mttcr  heJow  llaverhiU. 
[PartM  i^er  million.] 


Color. 


Uteof 
collection. 

Turr»idity. 

1900. 
Jnlyn 

A^g.21.... 

Slight.. - 
Decided. 

Sept.  18.... 

Oct.  13 

Kov.20.... 

Slight.  - . 

Decided. 

....do  ... 

Average  . 

-..--/ 

Nitrog<m  a.s— 

-« 

J.          1 

bnmino 
mmonia 

eeamm 
nia. 

1 

i 

I 

<' 

£ 

'A 

5?5 

2.0 
1.5 
2.3 
3. 5 
6.6 

S.2 


0. 324 

0. 2M4 

.276 

.  220 

.  375 

.  265 

.  360 

.264 

.340 

.136 

0.007 
.010 
.017 
.011 
.004 


0.010 
.  020 
.040 
.090 
.120 


4.2  j  44.0 

3.7  45.0 

5.  7  55. 0 

4.4  54.0 

3. 2  53. 5 


.  335 


.311 


.0\0 


14 
17 
16 
11 
14 
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Bli^VCKSTOXE  RIVEK. 

COURSE.  CHARACTER,  AND  UTILIZATION  OF  THE  STREAM. 

Blackstone  River  is  a  small  stream  which  rises  in  WoreesterCounl) 
Mass.,  and  flows  in  a  southeasterly  direction,  passing  over  the  StAt 
line  into  Rhode  Island  and  emptying  into  the  Providence  River  a 
Providence.  Its  drainage  area  covers  alK)iit  458  square  miles.  -A 
the  source  the  elevation  is  438  feet  alK)ve  mean  tide  and  as  Us  coure 
is  about  43  miles  long  its  fall  must  be  somewhat  more  than  10  fee 
per  mile.  It  is  obvious  tliat  such  a  river,  so  accessible,  and  in  th 
midst  of  a  iwpulous  ccmntry,  must  have  unusual  value  as  a  source  c 
power.  This  fact  has  hmg  been  re<»ognized  and  the  stream  has  bee 
thus  utilized,  the  natural  facilities  ]>eing  enhanced  ])y  the  develo] 
ment  of  ever}'  accompaniment  known  to  l>e  of  use  in  a  river  of  thi 
character.  Probably  no  stream  in  the  United  States  has  been  f^ 
effectively  harnessed  and  brought  into  subjugation;  milldams  hav 
been  erected  at  favorable  points,  compensating  reservoirs  have  l)ee 
constructed,  and  ponds  and  lakes  have  been  raised  in  order  that  tli 
flow  may  be  regulated  to  meet  tln^  demands  of  manufacturing.  Th 
result  is  that  though  the  river  is  deprived  from  a  watershed  which  lui 
been  extensively  deforested,  and,  under  ordinary  circumstances 
would  be  subject  to  floods  and  variation  in  flow,  its  wat^r  is  seldoi 
allowed  to  fall  below  a  certiiin  minimum  because  of  the  judicioi 
management  of  the  conserved  water  during  dry  seasons.  The  gre; 
resource  of  this  stream  is,  therefore,  its  water  power,  and  it  has  \)ei 
said  with  authority  that  the  value  of  this  interest  is  proportionate 
greater  than  that  found  in  any  other  stream  in  the  United  States. 

POPULATION  OF  THE  BASIN. 

Population. — The  Hlackstonc^  RivcM-  (si^e  tig.  0)  is  formeil  by  t 
junction  of  Kettle  and  Mill  brooks  in  th<^  southern  part  of  the  cily 
Worcester.  These  two  brooks  drain  small  parts  of  the  towns 
Holden  and  Leicester,  as  well  as  Worcester.  The  other  Massachusel 
towns  in  the  basin  are  Auburn,  Millbury,  part  of  Shrewsbury,  Gn 
ton,  Upton,  Sutt<m,  Norbhbridge,  Tlopedale,  Mendon,  Douglass,  V 
bridge,  and  Blackstone,  repivsenting  a  population  of  about  157,CH 
or  G()4  per  square  mile.  In  the  State  of  Rhode  Island  the  river  drai 
the  municipalities  of  North  Smithfield,  ]>urrillville,  Gloucester,  Woo 
socket,  Lincoln,  and  Cumberland,  having  a  combined  population 
56,267. 

This  large  population  is  mostly  in  the  noilhern  part  of  the  draina 
area,  at  Worcester,  Mass.,  which  has  a  population  of  118,421.  T 
population  per  square  mile  therefore  decrejises  as  the  mouth  of  t 
river  is  approached.  This  fact  was  well  expressed  in  the  report 
the  Massachusetts  Board  of  Health  in  ISIH),  as  follows: 


3Kl  BLAOKSTONE   RIVER. 

Tablk  32. — Popnltition  in  dniinage.  baitin  of  BUwhsUme  River, 
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Locality. 


.        J.. 

I    Distance    ! 
bdow  di»-  I   I>rainaKf«    ,  Popnlatitm, 
charfcoof   an«(Hciuare   (»Htimatcd 
WorceHtop  I      milcH.)  (IHKH). 

sewage. 


Popalaticm 
por  mnare 


the  Qninsigamond  Iron  and 
T^ire  W  ork« 


Mih'> 


;he  first  bridge  below  Qninsig- 
nond  village 

the  dam  of  the  CordiM  Co., 
illbnry 

;he  upper  dam  of  the  Calumet 
Woolen  Co. ,  Uxbridge 

the  Middleville  dam.  Black- 
one I 

the  dam  of   the   Blackstone  ' 
anufacturing  Co.,  Blackstone. 


I 

• 

0 

1 

1 

77,  ."MH) 

1,213 

5 

77. »  ' 
145. » 

17 

1H),«(K) 

633 

24 

i 
25«.  1 

102,  H0() 

398 

*?0 

2*M).  ;j 

■ 

V  the  colle<^tioii  of  the  facts  in  the  1al)h»  the  eity  of  Worcester 
o^^Ti  faster  than  the  low(»r  t<)vvns  in  the  valley,  making  the  con- 
s  alK)ve  set  forth  even  inon»  extremes 


Fif}.  ({.— Bla<kHtone  River  draiiuige  VMaiii. 
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NORMAL  WATER  IN  THE  BASIN  OF  THE  BLACKSTONE. 

Normal  water  in  the  basin  of  ilie  Hlackstone  has  l)een  found  at  the 

head  of  Kettle  Brook,  Paxton,  Lynde  Brook   storage  reservoir  in 

Leicester,  and  Tatnuek  Brook  storage  reservoir  in  Ilolden. 

Tablr  33. — Analyses  of  rutrmnl  water  in  Blackstone  BaHn. 

LYNDE  BROOK  STORAGE  RESERVOIR. 

[Parti*  per  million,  avera^r*^  by  yearn.] 


2.4 
2.4 
2.1 
2.4 
2.5 
2.6 
3.6 
3.2 
2.9 
4.4 
3.1 
2.0 
2.3 

4 

.o  S 
5- 

0. 151 
.167 
.132 
.126 
.139 
.162 
.139 
.161 
.158 
.191 
.156 
.147 
.176 

Nltroifpn  ati— 

i 
1 

g_ 

1.4 
1.5 
1.4 
1.2 
1.5 
1.5 
1.8 
2.0 
1.8 
1.8 
2.0 
1.2 
1.4 

Year. 

4 

a 
U 

a 
0. 037 

i 
t 

1 

0.065 
.053 
.078 
.074 
.105 
.066 
.103 
.116 
.054 
.087 
.059 
.031 
.039 

1 

i 

1888                 

0.001 

26.4   .... 

1889           

.030         .001 
.026         .001 
.045  1       .001 
.038  1       .000 
.036         .001 
.055         .000 
.  03:3         .  000 

25.4  ... 

1890 

80.7       9 

1891 

28.3       7 

1892 ._.. 

1893 

29.9 
26.6 
33.7 
36.3 
29.5 
33.1 
32.4 
24.9 
29.2 

6 

1894 

1895 

12 
13 

1896- 

.035 
.068 
.030 
.030 
.043 

.000 
.001 
.001 
.000 
.000 

8 

1897..-. 

8 

1898 

8 

1899 

4 

1900 

7 

KENT  RESERVOIR,  KETTLE  BROOK. 

1898 

3.6  0.176 

2. 7  .  239 
3.2          .213 

0.012  1    0.001 
.047         .001 
.037  1       .001 

0.042 
.037 
.064 

1.6  32.0  1 
1.3     32.5 

1.7  32.0^ 

8 

1899 

ft 

1900. 

8 

TATNUCK  BROOK  RESERVOIR. 


1888. 
1889- 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897- 
1898.. 
1890.. 
1900..  _ 


1.7 

0.157 

1.9 
1.7 
1.7 
2.0 

.143 
.141 
.143 
.142 

3.5 

.182 

2.0 

.151 

2.1 

.173 

1.7 

.142 

2.1 

.155 

2.2 

.141 

1.1 

.136 

1.5 

,     Am 

0.012  ' 

0.001 

0.043 

1.2 

22.3 

.003 

.001 

.031 

1.2 

20.4 

.007 

.001 

.078 

1.3 

26.8 

.024  i 

.001 

.077 

1.1 

23.0 

.012 

.000 

.067 

1.2 

25.2 

.020  1 

.000 

.049 

1.4 

24.5 

.010 

.000 

.032 

1.6 

22.7 

.012  ' 

.000 

.068 

1.8 

23.3 

.008  1 

.000 

.034 

1.5 

20.0 

.007 

.000 

.054 

1.6 

21.2 

.Wift  \ 

,0^ 

V      .Q2ft 

1.6 

22.4 

.01^\ 

,c^ 

\      .^\^ 

\^^'^ 

W.^ 

.O-ii^ 

.^ 

^\      .Q^ 

a\    \, 

A'^ 

BLACKSTOKE   RIVER. 
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POLLUTION  IN  BLACKSTONE  RIVER. 

Maekstone  is  the  most  polluted  river  in  New  Kii^laiid;  its 
w  become  synonymous  with  filth.  The  lieadwaters  6f  a  river 
are  usnally  free  from  i>ollution,  but  in  this  ease  tlie  opposite 
The  sewage  from  the  city  of  Worcester  l)efouls  the  river 
it  itH  source,  and  thereafter  throujjliout  it^  wlioh^  (»xtent  the 
me  is  a  damaged  resource  to  tlie  country.  Such  is  the  accumu- 
f  filth  in  the  mill  ponds  tliat  from  soni<»  of  thos«*  near  Worces- 
e  arise  oilora  that  arc  detrimental  to  comfort,  and  realty,  if 
lealth.  The  use  of  its  water  in  boikM-s  has  long  been  aban- 
md  it  can  not  be  use<l  in  the  iimnufactun*  of  light-colored 


^sfer  sewaye. — The  sewage  of  Worcester,  consisting  of  the  usual 
;te  and  an  enormous  amount  of  man ufaictu ring  refuse,  a  large 
.vhich  is  acid  from  the  steel  manufa(?tori(»s,  is  turned  from  the 
nto  Mill  Brook.  The  quantity  is  sufficient  at  times  to  give  to 
jrs  of  the  Blackstone  River  an  acid  reaction, 
ater  of  Mill  Brook  above  the  i)oint  of  sewage  discharge  has 
1  regularly  examined,  but  it  is  known  to  b<»  of  a  quality  (^bar- 
ic of  a  stream  flowing  through  a  country  of  considerable  popu- 
md  approaching  in  some  degree  the  character  of  the  normal 
above  set  forth.  After  being  pollutxHl  with  the  Worcester 
the  water  of  Mill  Brook  is  of  a  vile  character,  as  is  shown  in  the 
ig  table  of  averages  of  monthly  analyses  for  the  years  1 888-11)00. 

[. — Analyses  of  neater  from  Blackntone  River  below  mouth  of  Mill  Brook 
and  above  outlet  of  sewage  works. 
[PartH  ix»r  million.  1 


Nitroj^on  as   ■ 

ear. 

1 

§9 

1.040 
1.198 

3 

is 

i 

2.112 
2.841 

1 

'A 

'  0.029 
.  024 

i 

a 
1 
0 

Total  residuo. 

& 

6.4 
7.6 

0.870     12.1 
.285  ,   10.6 

.... 

8.2 
8.0 
7.1 
6.8 
8.6 
8.4 

1.024 

1.568 

1.262 

.  608 

.  570 

.874 

1 .  800 
8.840 

2.  580 
1.429 

.  789 
.  507 

.014 
.  082 
.  061 
.012 
.006 
.007 

.867      10.8 
.888      17.8 
.812      18.4 
.180     10.4 
.195       8.8 
.175       8.6 

185.4 
162. 8 
179.5 
171.7 
134.0 

46 

49 

45 

37 

29 

7.5 
9.4 

.486 
.588 
.  557 

.  759 
.715 
.  762 

.010 
.015 

.on 

.187      10.1 
^       .151(7.7 
.UNI  \    H.*i 

126.9 

29 

2Q 

;:;::'/ 
...,/ 

\    \^^.A    ^^ 

3.6  1 

.  751 

1.921 

.010 

\     .u\^\vi. 

q\     ^tV5^.^\  ^'"v 

l.H  1 

.  f>02 

1.  141 

1     .on 

.\0^\    V* 

.V\\     \^\.^\    ^^^ 

64  NORMAL    AND   POLLUTED   WATERS,  (hoW. 

For  years  the  city  of  Worcester  has  converted  Mill  Brook  into  an 
open  sewer,  and  up  to  June  25,  1890,  the  contents  were  discharged 
directly  into  Blackstone  River.  At  that  time,  however,  a  chemical 
precipitation  works  was  completed  by  the  city,  and  by  means  of  a 
diverting  dam  the  whole  flow  of  Mill  Brook,  except  during  seasons  of 
freshet,  was  carried  across  to  a  series  of  tanks,  six  in  number,  each 
being  100  feet  long,  Ofi.76  feet  wide,  and  7  feet  deep.  The  capacity 
of  these  tanks  for  the  treatment  of  sewage,  according  to  the  process 
adopted,  was  6,000,000  gallons  daily.  In  the  year  1883  ten  more 
tanks  were  added  to  the  original  six,  which  gave  to  the  disposal 
works  a  nominal  capacity  of  15,(M)0,(X)0  gallons  per  day. 

The  treatment  of  sewage  was  first  as  follows:  After  being  screened 
it  was  mixed  with  chemicals,  and,  passing  through  a  mixiiig  channel, 
it  fell  into  the  precipitation  Umks,  discharging  from  the  first  to  the 
second,  and  so  on  through  the  whole  series,  finally  being  poured  into 
the  Blackstone  River.  The  chemicals  used  were  lime  and  sulphate 
of  alumina,  the  former  being  required  in  large  quantities  when  the 
sewage  was  greatly  impregnated  with  iron.  After  the  enlargement 
of  the  works  in  1893  the  process  was  changed  slightly,  the  object 
being  to  secure  a  more  thorough  mixture  of  chemicals  with  the  sew- 
age before  it  passed  into  the  precipitation  tanks.  During  the  year 
ending  November  30,  1901,  3,564.7  million  gallons  of  sewage  were 
received  at  the  disposal  works,  of  which  3,133.8  million  gallons  were 
treated  chemically  and  the  remainder  uschI  for  experimental  work  in 
connection  with  new  processes  of  sewage  disposal.  The  total  cost  of 
this  treatment  was  <?12. 20  per  1,0<K),()0()  gallons.  The  chemical  pre- 
cipitation of  sewage  at  Worcester  is  not,  however,  successful  from 
the  standpoint  of  river  purification,  and  very  little  if  any  l)enefit  has 
been  apparent  in  the  river  throughout  all  the  years  during  which  this 
great  expenditure  has  been  incurred  by  the  city.  Finally  the  legisla- 
ture of  the  State  enacted  a  law  requiring  the  city  to  dispose  of  it« 
sewage  by  some  other  method,  and  experiments  are  now  being  con- 
ducted to  determine  a  method  which  will  effect  a  more  satisfactory^ 
purification  of  Blackstone  River. 

Below  sexvage'disposal  outlet, — The  next  recorded  x)ointof  examina- 
tion of  the  Blackstone  is  lx?low  the  sewage  precipitation  works.  The 
X)oint  of  collection  of  the  samples  is  nearly  a  mile  below  the  moutl 
of  Mill  Brook  and  a  considerable  distance  below  the  outlet  of  th< 
precipitation  works,  so  that  the  effluent  has  had  ample  opportunity 
to  become  thoroughly  mixed  with  the  river  water.  The  following  is 
list  of  annual  averages  of  monthly  examinations*  during  the  peria 
1888-1900. 
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5. — AiitUtfiseiioftniterofBlachttoiu'  Rirt'rMfnr  W<trci'Hter  Hnnagv'dhjHmil 

outlet, 

[PartM  ]M*r  million.  | 


Nitr»>K« 

niiM  - 

1 

Trtir. 

1 

1                      1 

Albuminoid 
1    ammonia.    | 

Free   am-  1 
monia. 

1 

1 

i 
t 

1 

5  ■ 

5 
1 

6.4 

1.040 

2.122 

0.029 

0..370 

12. 1 

7.« 
7.4 
8.0 

5.  y 

1.19H 
1.177 
l.JJO» 
1.442 
1.447 
1.309 

2.894 
2.253 
4.080 
3.(W3 
3.757 
4.22H 

.024 
.010 
.031 
.  033 
.  070 
.047 

.  235 
.3N1 
.  35H 
.27H 
.  3(>9 
.310 

10.0 
12.0 

19.1 
22.  1 
19.S 
21.3 

1.50.2 
193.5 
2.50. 5 
257.  5 

40 

72 

7.4 
G.O 

74 



79 

7.9 

.840 

2. 29H 

.040 

.347 

15.2  ■ 

191.4 

58 

4.0 

.9JW 

2. 045 

.071 

.3.50 

19.1 

242.  S 

83 

7.5 

.843 

2.447 

.047  , 

.  300 

13.3 

199.4 

54 

4.9 

a.o 

.  725 

i.im 

2. 200 

3. 908 

.072' 
.053 

.  2(>4 
.  170 

13.0 
23.  7 

WW.  1 
324.  S 

00 

120 

2.5 

1.249 

4.430 

.145 

.110 

21.3! 

224. 7 

73 

[KU'Lsoii  of  the  Himlysi's  in  Tables  34  aii<I  35  shows  clearly  that, 
.» of  the  so-called  sewage  purification  carried  on  at  WoivcstcM* 
l^reat  an  cxiiensc,  Blackstone  Kivcr  is  in  far  worse  conclition 
he  sewage  outlet  than  aibove.  The  amounts  ot'  free  anunonia, 
J,  and  chlorine  at  the  lower  samplinj^  point  are  <*onsid<Mably 
•  than  alK)ve  tlie  outlet  of  the  purification  works.  In  addition 
there  are  unmistakabh^  evid(Mic<*8  that  the  amount  of  ob.j<H*- 
e  nmtterfrom  tlu^  outlet  is  increasin;r  from  year  to  year,  while 
ulitions  alK)ve  constantly  imjirovi*. 

'^khje. — Again  there  ai)pears  a  record  of  examinations  of  sam- 
ken  fi-oni  the  river  at  tln^  ui)[)er  dam  of  the  Calumet  Woolen 
iiy  at  Uxbridge,  17  miles  below  the  city  of  Wor<*estei-.  The 
Bs  were  made  monthly  during  tlu^  [jcriod  1SS8-1!H)(),  but  in  Table 
results  ai"e  nuwl^j  up  into  yearly  averages,  as  in  the  preceding 
34  and  rJo. 
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Table  3<5. — AnalyseH  of  ivater  from  Blackstone  River  at  Uacbridge, 
[Parttt  per  million.] 


I 


Year. 


1888. 
1889- 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899- 
1900. 


o 


4.5 

2.8 


2.1 
4.0 
5.1 
6.4 
4.2 
5.9 
5.8 
2.6 


Nitxogen  as- 

6 
1 

Albuminoid 
ammonia. 

!^ 

1 

1 

1 
2 

I 

3 

{ 

1 

i 

0.284 

0.979 

.992 

1.168 

1.674 

0.008 
.009 
.006 
.008 

0.322 
.253 
.272 
.396 

6.1 
6.0 
6,6 
7.7 

.300 

.214  ' 

.272 

83.2     38 

.222 

2.113 

.007 

.326 

8.2 

85.9     « 

.256 

1.603 

.029 

.424 

10.0 

94.5     S 

.242  , 

1.372 

.032 

.460 

12.2 

108.0  1  « 

.315  ! 

1.081 

.037 

.439 

10.5 

105.6     » 

.308    ; 

1.209 

.054 

.40a 

10.9 

107.7     42 

.298  1 

1.126 

.035 

.481 

10.4 

103.1     « 

.305  ! 

.818 

.046 

.380 

8.4 

87.2     tt 

.374 

2.298 

.078 

.331 

15.9 

140.6     51 

.351  1 

2. 122 

.039 

.359 

13.8 

114.3  ;  42 

1 

._.    I 

It  will  Ik»  seen  that  sediiiientntion,  dilution,  and  oxidation  have 
worked  iiuprovemeiit  in  the  water  by  the  time  it  has  traversed  the  17 
milew,  although  tlie  proeesH  during  late  years  does  not  appear  to  be 
as  effe<!tive  as  formerly.  It  ivquii-es  only  a  glance  to  jiereeive  that 
the  i)ollution  of  th(*  Blackstone  is  still  enormous.  Be  it  remembered, 
too,  that,  apart  from  the  pollution  at  Worcester,  the  numerous  mills 
along  the  coui'sc  of  the  stream  and  the  large  number  of  employees 
there  engaged  eoutribute  a  great  quantity  of  sewage  and  foul  indus- 
trial wiiste,  which  of  itself  would  1m^  damaging  to  the  river.  There- 
fore^ the  comi)arison  of  the  two  sets  of  analyses  above  given  does  not 
furnish  an  i<lea  of  the  normal  self-purifying  ability  of  the  river,  for 
it.  is  more  than  i)robabl(^  that  there  would  apiiear  a  greater  decrease 
in  th(?  amount  of  organic*  matter  if  it  were  not  fof  the  constant  intro- 
duction of  new  pollution. 

At  ^flllrill('. — Down  the  river,  nearly  to  the  State  line  at  Millville, 
town  of  lUackstone,  a  series  of  analyses  similar  to  the  one  at  ITxbridge 
has  been  carritMl  on  for  tliirt(»en  years.  This  point  is  24  miles  from 
the  Worc(»ster  outlet  and  the  water  is  not  obj emotionable  in  odor. 
Still,  as  the  following  analyses  show,  the  water  is  polluted. 
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oni  the  rolling  surface  common  to  Massacluisetts  to  the  hilly 
tainoiis  country  of  New  Hampshire  and  Vermont.  The  rocks 
it<?,  gneiss,  syenite,  and  mica,  intersected  by  dikes  of  trap 
sandstone.  Along  the  course  of  tlu^  river  in  Massacluis(»lts 
[loctieiit  there  are  rich  alluvial  dei)osits,  but  for  th<»  most  part 
I  of   the  Connecticut  is  covered  by  surfa<'c  <lrift.      Lak<»s  are 

abundant  on  most  of  11h» 
branclKss,  and  tlio  How  of 
the  main  rivor  is  fairly 
steady. 

Tlic  course'  of  tlu^  Con- 
n(»cti<'ut  is  varie<l.  From 
its  souH'c  for  a  distancM*  of 
i^no  miles  downstream  the 
river  <'ontains  many  falls 
and  rai)ids,  \\\o  last  one 
being  at  l*>(»llows  Falls,  Vt. 
Helow  this  place  tlic  fall 
in  the  str<»am  is  much  less, 
yet,  the  pitch  is  snnici<»nt 
to  give  the  water  a  fairly 
goo<l  flow.  Throughout  the 
extent  of  the  riv<'r  below 
l>ellows  Falls  th(»  c'ourse  of 
the  river  is  broken  by  falls 
in  thr<'e  places,  Turnei*s 
Falls  and  llolyoke,  INlass., 
and  Windsor  Tvot'ks,  Conn. 
The  pow<»r  (h^veloped  at 
llolyok(^  is  the  largest  in 
the  country,  excei)t  that  at 
Niagara. 

Traiisporidiion.  — The 
river  has  considerable  im- 
])ortanc(^  in  the  lower  end 
as  a  means  of  transporta- 
tion. Navigation  (extends 
.*)()  miles  from  the  month 
u[)  to  Hartford,  and  small 
boats  may  ascend,  by 
Df  Windsor  Locks,  as  far  as  llolyoke.  Travel,  however,  above 
•d  is  insignificant,  while  even  in  the  lower  stream  large  vessels 
fficuUy  in  low  tide. 

T. — As  a  source  of  power  tho  value  of  the  Coaw\^q\\q.\\\>  \v^  v^wort- 
The  main  river,  with  a  total  fall  of  2,0:^H  tce\.,\\vv^\i^«\v\voc^^^ 
but  there  remain  possibilities  for  f ur\.\xev  dev^\o\>\\iek\iVNq\v\e>x^ 
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Tabijc  fiH.—Anali/8€8  of  toaterfrovi  Blackstone  River  at  Albion  and  Vallry  FaJk^ 

R.L 

ALBION. 

[Avi»ra;,'o  by  yi'ars,  in  jiarts  jht  million.] 


Nitrogen  as- 

Chlorine. 

Total 
residue. 

Year. 

Albumi- 
noid am- 
monia. 

Free  am- 
monia. 

Nitrites. 

Nitrates. 

Hard- 

11 

0. 235 
.260 
.220 
.  220 

0.  156 
.127 
.204 
.223 

0.040 

0.800 
-560 

11.0 

10.5 

.9 

7.  7 

75          21.7 
81           21.3 

1806 

1897 

.030  '       .780 
.030          .650 

72          16.0 
75          14.0 

^ALLE^ 

^  FALLS. 

0.117 

0.070 

0.824 

12.0 

66.5 

i:.« 

.  139 

.070 

.500 

10.8 

69.0 

22.4 

.196 

.070 

.070 

.9 

85.0 

16.0 

.  215 

.040 

.070 

.8 

74.0 

15.0 

1894 _.-.|  0.261 

1895 '.- j  .201 

1896.- I  .200 

1897 .220 


Th(^  rtrsiills  expressed  iu  Table  38  do  not  inspire  conlidenee  in  their 
aeeuracy,  and  it  is  highly  probal)le  tliat  the  tables  i^resented  in  the 
ivporl  of  the  State  Boanl  of  Health  for  1897  are  tyJKigraphieally  iueor- 
reet.  On  eoniparing  the  resnlts  with  those  taken  from  the  MassiK'hu- 
setts  reports  it  will  be  seen  that  the  nitrites  are  enorraonsly  high, 
averaging  greater  than  the  amounts  found  below  the  Woivester  sew- 
age outlet.  It  is  extremely  unlikely  that  these  results  are  correct, 
because  of  the  fact  that  the  water  shows  decided  improvement  as  it 
tlows  from  Worc'cstcr  town  to  the  Rhode  Tslaind  line,  and  south  of 
that  there  is  no  increment  of  sewage  which  would  by  any  means  {riv<? 
to  the  nitrites  the  enormous  figuri^  which  appears  in  the  above  analy^ 
The  chlorine  determinations,  too,  show  improbable  fluctuations. 

On  the  other  hand,  the  amounts  of  fn^e  and  albuminoid  ainnionia^ 
which  would  necessarily  fluctuate  to  some  extent  at  leiist  with  the 
nitrit(*s  and  nitrat<^s,  do  not  appear  excessive. 

COXNKCTICUT    UIVER    1JA8LN. 

NATURAL    RESOURCES. 

Caiir.se  imd  dmininjc  arvn. — The  Connecticut  is  the  largest  river 
in  New  Knglan<l.  From  its  source  in  the  Connecticut  lakes  iu  ^^^ 
extreme*  northern  part  of  New  Hampshire  to  its  mouth  in  Long  Islan<l 
Sound  the  course  of  the  river  measures  375  miles.  The  drain»n^* 
area  is  long  and  narrow,  being  from  40  to  (U)  miles  in  width  and  cover- 
ing  10,f):!4:  square  miles  (see  i\g.  7^    T'Vvvi  e\va.\!act^r  of  the  country 
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"roni  the  rolling  surface  (•omnioii  to  MassachuHottR  to  the  hilly 
nt^iinoiis  country  of  New  Jlampshire  and  Vermont.  The  rocks 
Liiite,  i^iieiss,  syenite,  and  mica,  intersected  by  dikes  of  trap 
I  siindstoiie.  Along  the  course  of  the  riv(»r  in  Massachusetts 
uiioeticiit  there  are  rich  alluvial  dejiosits,  l>ut  for  th<^  most  part 
in  of  the  Conne<*ticut  is  covered  by  surfa<M'  <]rift.     Lak(\s  an* 

abundant  on  most   of  th(> 


branches,  and  tlio  (low  of 
the  main  river  is  fairly 
steady. 

TIk*  course  of  \\w  Con- 
ne<'ticut  is  variiMl.  From 
its  soun*e  for  a  <listancc  of 
2(M)  miles  downstream  tin* 
river  contains  many  falls 
an<l  rapids,  the  last  one 
beiJigat  IJellows  Falls,  Vt. 
Ilelow  this  plac<»  tlu^  fall 
in  th(»  stn^am  is  much  less, 
yet  th<*  pit<'h  is  suflicient 
to  giv(*  the  wat(»r  a  fairly 
i^ood  flow.  Throughout  the 
ext<'nt  of  the  river  below 
Hellows  Falls  the  course  of 
\\w  river  is  brokcMi  by  falls 
in  thr(»e  i)lac(\s,  Tui'nei*s 
Falls  and  Ilolyoke,  INlass., 
and  Windsor  Loeks,  Conn. 
The  i)ower  developed  at 
IIol3'ok(»  is  the  largest  in 
the  country,  excc])t  that,  at 
Niagara. 

T  rail  spnridt  ion.  — The 
river  has  ccmsiderable  im- 
portance in  the  lower  end 
as  a  means  of  transporta- 
tion. Navigation  (»xtends 
;>()  miles  from  the  mouth 
up  to  llartl'ord,  and  snuill 
boats  nuiy  as<*en<l,  by 
18  of  Windsor  Locks,  as  far  as  Ilolyoke.  Travel,  however,  above 
iord  is  insignificant,  wliih*  even  in  the  lower  stream  larg<»  v(^ss(ds 
i  difficult}'^  in  low  tide. 

nver, — As  a  source  of  power  the  value  of  the  Connecticut  is  enor- 
18.  The  main  river,  with  a  total  fall  of  2,0.*iH  feet,  has  been  largely 
ized,  but  there  remain  possibilities  for  further  d<i\Q\o^\Ti<6\i\>^\\vi!Vv^ 


thington  ^ 
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if  ^idvantage  were  taken  of  them,  would  make  the  Connecticut 
of  the  most  valuable  ntreams  in  the  world.     The  tributaries 
been  developed  extensively,  and  the  possibilities  for  the  future 
promising. 

In  the  following  table,  taken  from  Water-Supply  and  Irrigf 
Paper  No.  44,  there  is  presenti»d  a  detailed  statement  of  the  alti 
and  fall  i)er  mile  at  different  points  along  the  river: 

Tablk  .S9.— Ffi//  of  Conne4^ticut  River, 


I^»rality. 


Mouth 

Hartfortl 

Foot  of  Enfield  RapidH     . 

Top  of  Enfield  dam .   

Top  of  Kolyoke  dam 

Fitchhurg  Railroad  i!ro8sinff 
Top  of  Turners  Falls  dam .    . 

Mouth  of  Afthuelot  River  .    

Westmoreland 

Foot  of  Bellows  Falls 

Heatl  of  Bellows  Falls 

Beaver  Meadows,  Charlestown 

Windsor 

White  River  Jimc^tion         .    . . 
Ledyard  bridge,  Hanover 

Oxford 

Wells  River... .       

Foot  of  Mrlndoes  Falls 

Lower  Waterf ord 

Head  of  Fifteenmile  Falls      .    . 

North  Stratford 

Weat  StewartstowTi- 

Connei'ticnitLake.     '     . 

Second  Lake 

Third  Lake 


from 
mouth. 

Height 
above  8e». 

0 

MilfM. 

Pert. 

f 

0 

0 

... 

50 

0 

00 

6 

60 

38 

84 

98 

115 

109 

120 

173 

im 

206 

159 

219 

170 

234 

170 

283 

181 

289 

190 

304 

209 

339 

213 

375 

230 
255 
202 
273 
285 
312 
344 
301 
369 
375 


380 
407 
432 
043 
830 

8a5 
i,a35 

1,018 
1,882 
2,038 


The  followinpj  table  contains  a  statement  of  the  total  utilized  h 
power  and  the  drainai;^^  area  of  the  most  imi)ortant  tributaries  o 
Connecticut. 
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Table  40. — Drainage  area  and  utilized  hornepotrer  on  the  Connecticut  River 

tributaries. 


Tributary. 


Horse- 
power 
utUized. 


Salmon  River 1, 432 


Hockanmn  River  . 

Little  River 

Farmington  River  . 


3,957 
555 
8,856 
Scantic  River '    1, 122 


WestfieWRiver- 
Chicopee  River  . 

Mill  River 

Deerfield  River . 
Millers  River .  _ . 
Ashnelot  River . 

West  River 

William«  River. 

Black  River 

Saj^r  River 


3,010 
4,044 
1,161 
4,a-)2 
8,172 
3,964 
1,947, 
361 
2,132 
3, 176 


Drainage 
area. 


.*/. 


ntileH. 

150 

79 

76 

584 

118 

514 

706 

58 

646 

369 

422 

363 

103 

152 

979 


Tributary. 


(Xtaqiiocli(»e  Rivor 
Miiwoiny  River. . 

Win t4>  Rivor 

OiiilxunixmooHUc 

Riv.T      . 
Waits  Riv»»r     ..    ... 
Lower  Aiiiin<»ii<M>snc 

River  . 

Wells  River 

PasHuinHic  River 

Johns  River 

Israels  River 

ITi)j)er  Ainmouoosnc 

River 548 

Nnlhejran  River      .  240 


.sV/.  in  Hen. 

1,723 

192 

1,576 

190 

2.714 

623 

493 

123 

596 

156 

2, 526 

3S8 

628 

94 

4, 724 

4:^5 

168 

86 

974 

129 

■l 


132 


FLOW. 

The  flow  of  the  river  has  been  carofnlly  inojisun*<l  htkI  a  concise 
statement  appears  in  Part  IV^  of  the  Twentieth  Annual  Rc^port  of  tlie 
United  States  Cxeolo^ical  Survey,  \m^i'  47. 

Table  41. — Flow  of  the  Counrcticnf  Rinr  at  ITubinkr  thirimj  the  i/rars  ISS(i-/S!fS, 

invlusirc. 

[Drainajff  urea,  M.fMM)  niuaro  milos.] 


Year. 


1^. 


1887. 


Mttxi- 
muin. 


Srr../t. 

!  44,  KM) 

I  I 

j  49,050 
I  45,000 

i  (;s,:u)0  I 

71.900 
I  63,950  ; 
80.150 
85,5(M)  I 
SK),750 
37,650  , 
46,750 


Miiii- 
inuin. 


Mf'HIl. 


.L 


Run-off. 


300 

150 

'250 

250 

500 

2,950 

550 

3, 300 

1,100 

r>5() 


S.  34:J 
9,  HIS 
10,01S  I 
H, 107  [ 
13,084  I 
12,635  I 
11,387 
14.329 
17,320 


Srr../t. 
yxrx*/.  in  I 

0.  96 


Turin's. 

12.89 
15.53 
15.40 
12.70 
20. 46 
19.65 
17.73 
21.32 
27. 15 


1.13 
1.14 
.94 
1.51 
1.46 
1.31 
1.65 
2.(M) 


\ 
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Tabi.k  41. — Flow  ttf  the  iUmueviivut  Hivir  at  Holyoke,  *'^r*.— Continued. 


Y«ar. 


Maxi-         Mini- 
mnm.    ;     mum. 


s^c.-ft. 

\m\.  _      «7.3(K) 

mV2         ... .;  O:^.  KM) 

189:j _ 04,  :r)() 

1894       ..     ■  4:^:MK) 

189.-)       ..      .      illoJMH) 

\mi\       ..  112.050 

1H97 - 75,  .350 

189H.                                      .          _          .  7(i,  150 


900 
l.HOO 
750 
150 
350 
450 
1.300 
«00 


Mean. 

Sec. -ft. 

13,  UK) 
12,273 
10,295 
S,  :«)7 
10.314 
12,394 
15,373 
13,844 


Run-off. 


Sec. -ft. 
jH'r  itii.  mi. 

1.51 

1.48  1 

1.19 

.97 

1.20 

1 .  43 

1.78 

1.00  I 


Incikn. 

21.48 
20.15 
16.19 
13.17  \ 
16.19   ; 
19.41  i 
24.17   i 
21.70   ' 


Wdtir  sNiq)li/. — Altlionjjh  a  comparativ^^ly  small  i)art  of  the  dniin- 
ago  aroa  of  1  he  ( 'oniiectieut.  has  Ixmmi  sol  apart  and  iloveloiM^l  iis  a  source 
of  water  supply,  the  value  of  tlie  n\soiire(\s  witliin  its  basin  are  readily 
appairent.  None  of  the  cities  along  the  main  stream  pump  their  sup- 
ply from  th(*  river  <lireet,  but  in  the  ar<»as  of  the  tributaries  numer- 
ous resc^rvoirs  have  been  eonstruet<*d  from  which  are  obtained  water 
suppliers  of  excellent  quality.  Th(»se  will  1h^  tnkeu  up  in  the  discus- 
sion of  the  different  branches. 

Tre. — The  ice  values  in  tlu^  Connecticut  system  are  extensive.  The 
same  statements  that  were  made  in  connection  Avith  this  subject  in 
the  <liscussion  of  tlie  Merrimac  apply  hero.  The  main  river  has  not 
bemi  used  largely  as  a  source  of  ice  supply.  That  it  would  Iw  more 
acceptable  than  souk*  rivei's,  as  the  Hudson,  Kennebec,  and  Penobscot, 
wliich  have  l)e(Mi  largely  developed  in  this  din^ction  and  yield  enor- 
mous amounts  annually,  is  V(»ry  probalde,  y(»t  it  is  the  practice  of  the 
consumers  in  the  G(mn(H*ticut  Valley  to  refuse  to  accept  ice  from  the 
main  stream.  Therefore  the  small  streams,  ponds,  an<l  lakes  within 
convenient  distances  from  each  municipality  have  been  utilized. 
There  is  no  estimate  of  the  value  of  the  ice  crop  in  the  Connecticut 
basin. 

Chdrarfer  of  trat^^r. — The  chara(*ter  of  water  in  the  main  river  is 
of  course  largely  determined  by  that  from  the  tributaries  feeding  it, 
and  as  the  water  in  the  latter  varies  widely  in  different  regions,  that 
in  the  Connecticut  proper  is  dependent  \i\)on  the  distance  of  a  given 
sampling  point  from  the  conlluenco  of  a  normal  or  a  i>olluted  branch. 
Below  the  entrance  of  a  tributary  loade<l  with  sewage  and  manufac- 
turing wastes  the  condition  of  the  water  is  inferior  to  that  at  a  point 
where  it  has  been  diluted  by  an  influx  of  pun*  water  from  an  unpol- 
lutM  tributary. 

Little  or  no  attention  has  been  given  to  the  tributaries  entering 
tJie  main  artery  above  the  Mi\88aeA\\\He\.tH  ^laUi  line.,  and  the  highest 
branch  conGorning  which  we  have  luioT^uaWow  X^'^vW^^t^^xn^^* 
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MILLERS  RIVER. 

ilillers  River  (see  fig.  8)  enters  the  Coiinecrticrut  from  t\w  east  at  a 
int  m  Massachusetts  al)Out  10  miles  south  of  the  N(»w  lhiui])shire 
e.  Its  basin  adjoins  that  of  the  Chiropee  on  tht^  soutli  and  (extends 
»r  into  the  StAt^Jof  New  Hampshire  on  tlie  nortli,  <*ov<»rin«i:  al)out 
•  squai*e  miles.  The  drainage  ai-ea  is  hili\%  (^spreially  n<»ar  the 
ers  eonflntMiee  with  the  Conneetieut,  hut  farth(»r  hack  th<»r<»  are 
jaje  areas  of  flat  land.  Lakes  and  ponds  ar<»  ph'utiful,  haviiijr  a 
al  area  of  '>,2(K)  acres. 

The  flow  of  the  river  is  ver}'  stead}'  and  its  cons^Mpn^nt  vahn*  as  a 
w^er  stream  is  large.  From  Winclu^ndon,  n<»ar  its  h<'adwat4Ms,  to 
mouth  there  is  a  fall  of  775  n»et,  the  distances  Iwing  not  nion*  than 
miles.     All  of  this  fall  is  not  available  for  ch»v<d<)pmrnt,  liow«»vpr. 


Scale 
2       4-       e       8       lO  mile 


Fi«.  H.— MillorH  River  druinaKt*  Iwisin. 


8the  coui*se  of  the  river  foi*  considerabh*  distances  partakes  of  the 
ature  of  a  ravine;  the  banks  are  high  and  steep  and  little  oppor- 
Jnity  is  nfTorded  for  the  establishment  of  mills.  Tlie  only  available 
ow measurements  are  those  made  during  Oetolx'r,  Xovend)er,  and 
'ecember,  1887,  at  the  dam  of  th(>  New  Home  Sewing  JVIaehine  Com- 
*ny,  at  Orang<^  During  tliis  pcM-iod  the  average^  monthly  flow  varied 
oni  1.10  to  1.45  cubic  ft*et  per  s<m»oiu1  pcM*  square  mile.  The  popula- 
onin  the  basin  of  Mill(»rs  llivcM-  is  about  00  per  s(iuare  mile.  This, 
>wever,  dws  not  fairly  represent  tlie  conditions  at  the  upper  end  of 
'^  area,  for  there  tlie  population  is  extremely  dense,  esix^cially  at 
aitlner.  During  the  decade  1890-1000  there  was  a  fair  iK>rcentage 
increase  in  the  towns  drained  by  this  river,  although  it  was  for  the 
^i part  confined  to  iho  towns  of  (lardneT,  lUYvoY,  Otw[v^vv,wvv\S.^ \\v 
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chendon,  while  there  was  a  decrease  in  the  remaining  places.  Wi 
supplies  have  been  established  at  the  above-named  places,  wl 
sewerage  systems  have  been  laid  at  Orange  and  Gardner.  Th 
facts  make  it  patent  that  Millers  River  receives  considerable  pel 
tion,  and,  as  the  greatest  population  is  near  the  headwaters,  the  ri' 
is  unfitted  for  several  uses  throughout  its  whole  length. 


NORMAL  WATER  IN  MILLERS  RIVER. 

It  appears  from  the  Massac*!) usetts  map  of  normal  chlorine  thatt 
normal  for  Millers  River  varies  from  0.8  to  1.2  parts  per  million,  av< 
aging  alx)ut  I .  Report^s  of  the  analyses  of  normal  water  are  not  pl( 
tiful  for  this  drainage  area,  the  only  one  appearing  in  the  Massacli 
setts  reports  is  of  the  well  at  the  waterworks  at  Winchendon.  Tl 
and  several  others  in  which  the  amount  of  chlorine  does  not  great 
exc4M?d  the  normal  ai'e  reproduced  in  the  following  table: 

Table  42. — Analysen  uf  vonnal  xuater  in  Millers  River  drainage  area, 
[Parts  per  miUion.] 


Nitrogen  a«— 

i 

\ 

1 

Ammonia. 

<8 

Location. 

1 

0. 33 

Albumi-  '■ 
noid. 

i 

1 

5 

1 

1 

§1 
1 

31.4 

11 

i 

Well  in  Winchendon . . 

1 
0.012  ,  0.004 

0.000 

0.043 

1.1 

Orange  waterworks  . 

1.6 

.112 

.010 

.000 

.019 

1.8 

30.6 

6 

Athol  waterwoiks 

6.9 

.342 

.067 

.000 

.049 

1.8 

38.1 

6 

Gardner  waterworks  . 

.  i 

.161 

.014 

.000 

.055 

3.3 

80.3 

10 

( 

«  Covering  eight  years. 

The  characteristics  of  the  wat-ers  represented  in  the  foregoing  tal 
are  well  shown.  They  are  all  acceptable  for  any  of  the  ordinJ 
uses  and  retain  all  the  values  of  natural  waters.  The  first  and  oi 
normal  water  in  the  list  is  a  well  water.  That  it  is  a  typical  v 
water  is  shown  by  the  color,  which  is  very  faint,  practically  abse 
The  low  content  of  free  and  albuminoid  ammonia  is  what  might 
demanded  in  a  well  water,  and  the  evidences  of  its  condition  are  f 
ther  borne  out  by  the  absence  of  nitrites. 

The  Athol  and  Orange  watei*s  are  from  impounding  reservoirs,  a 
therefore  are  largely  made  up  of  surface  drainage.  The  analy 
show  that  oxidation  had  been  rapid  and  that  the  character  of 
water  is  acceptable.  The  chlorine  is  above  the  normal,  not  very  mi 
to  be  sure,  but  sufficient  to  denote  that  the  drainage  area  of  the  reJ 
voirs  has  a  certain  population  w\\\c\\  coii\,T\>aw\«i^^^^«ii^^  tA  the  natt 
drahmf^e,  and  although  its  had  ettec\;a\vavei\ow%  «awife\i«!«ii.Nfi^ 
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away  the  tnw^es  still  remain  and  neither  wHt4?r  c»un  1m>  cIussimI  as 

normal. 
The  analysis  of  the  Gardner  water  is  iiistnu'tive.     It  is  apparently 

a  water  which  has  at  some  time  ]>eon  lii^hl}-  pc>lhi(4Ml,  Imt  which, 
through  filtration,  sedimentation,  etc.,  hjis  luM^n  n»<»laiin«Ml.  The 
amount  of  chlorine,  3.3  parts  per  million  (the  normal  for  this  country 
being  1.2)  is  unmistakable  evidence  of  past  pollution.  In  the  pre- 
vious pages  mention  has  been  made  of  wat;<»rs  whi<'h  havt*  h(»en 
redeeme<l  from  contamination  by  means  of  artificial  filt(»rs,  hut  this 
18  the  clearest  ciise  noted  in  which  the  work  has  In^en  <h)ne  by  natural 
conditions  only. 

Part«  of  the  drainage  basin  of  Millers  River  ar<^  tliickly  settled, 
which  will  account  for  the  fact  that  none  of  the  surface  waters  tlms  far 
analyzed  are  normal.  The  amount  of  chlorine  foun<l  in  a  surfauM*  wat(»r 
bears  a  direct  relation  to  the  number  of  persons  (lw<41ing  upcm  the 
land  drained  by  that  water.  It  follows,  then,  that  while  it  ina^'  be 
impossible  in  a  thickly  settled  country  to  socun»  normal  wat<'r  in  larjri* 
qaantities,  it  is  not  necessarily  iini>ossible  to  so<lispose  of  the  wastes 
from  the  inhabitants  that  the  resulting  surface  water  may  seiv<»  all 
purposes  to  which  normal  waters  arc  applicable. 

POLLUTION  IN  MILLERS  RIVER. 

The  wat4?r  of  Millers  River  has  been  examiiUMl  regulail}'  by  the 
Massachusetts  Stale  Board  of  1  health  at  a  point,  abovc^  At  hoi,  where 
the  pollution  from  Gardner  and  Winchendon  may  lu^  detected,  and 
again  at  a  point  below  Orange,  where  tin*  water  contains  the  pollut  ion 
from  Gardner,  Winchendon,  Athol,  and  Orange.  The  analyses  at. 
ttese  points  are  reporte<l  in  Tables  43  and  44. 

Table  43. — Analyses  of  water  from  Milhrs  Rivrr  <ih(nu>  Atlml. 
f Parts  iH^r  million.] 


K«Mi<luo  on  1 

Appearance.               evaiK>ra-  1 

1       tion.       1 

Animonin. 

Nitrn^;on 

t 

Date  of 
ooUec- 
tion. 

1 

J_ 

1  .;, 

III  r 

AUuunin* 

1    ^• 

1    r 

III 

t'u\. 

7,       ' 
X      1 

h     i 

1 

1 

i 

9 

\ 

IW). 

JnlylT.... 

Very 
HliKht. 

V  e  r  V  i  «.  1 
Rlight.  1 

:j<5.o  t  15.0 

Mi^:; 

(  an  .<t  2H) 

0.(CM  ' 

2.i>  0.010 

; 

0.(HHI 

8.1 

6 

Attg.21... 

De(>ided 

Connid-  i  7.s     51.0  |  :J1.(> 
erablo.;                    j 

l(t^ 

4«»     .344     .i:J« 

1            1 

1.2 

.(») 

.UV4 

lit.  3 

11 

«^1«... 

....do... 

....do...    7.0  '  VA.:^  1  17.5 

mi 

TTfi   .srw 

.50?, 

1.4 

Am 

.«« 

«.7'll 

Oct.  16..., 
Nov.jo.. 

Ver  y 

BliKht. 

Ver  y  1  H.7     W.:»  '  24.0 
Hlight.,                    1 

.(MH 

Am 

.3fU 

oirt 

1 

1.9 

.m 

.ini 

12.6 

18 

Slight.. 

....do..  1  7.2    TvJ.O  ;  17.0 

.ot> 

im 

.8W 

.m 

1.9 

.I3f» 

.(!»! 

10.  U 

14 

Very 
fOight. 

/ 

ConHid-  •  5.0 
erablo.j 

7.0 

:i7.5     15.0 

.iHH 

.410 

.100 

;"• 

1.2 

.1IVI 

JUVi 

7.5  1  IB 

1 

^r«^ 

51.1     18.2  ' 

1 

Jt» 

,ntv 

.^m\~vd 

\\.«»\  AT,*\  .WW 

V  ^.^j.\>a. 
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Tabi.k  44. — AuulynvH  o/  water  from  Millers  River  Iteloir  Orange. 
[Parte  i>er  million. ) 


[iro.Tl 


NitroKen  i 


I>at4«  of  oiilliH'- 
tioii. 


Turbidity. 


I 


ISHK). 

Jniy24 Slight. 

Aujowt  22 Ver>'  slight . 

St^ptemlM»r  2\- do 

Octol)er24  ...      ...do 

Noveml)€»r  20. ; do 

Decenil>er  24  .  i  Decide<l .  .   . 


5.9   0.202   0.004   0.(M)2 


Average . 


7.0 
5.4 
9.0 
9.5 
0.0 


.  292 
.240 
.  870 
.284 
.200 


.040 
.000 
.  004 
.050 
.124 


.001 
.001 
.002 
.001 
.000 


r.l      .291   '  .009      .(K)l 


DEERFIELD  RIVER. 


5 

I 


0.010 
.  050 
.040 

.000 
.1:^0 

.  05:J 


2.S    :r».o 
2.4     4:^.5 
2.1     43.0  I 
2.0     55.5 

2.0  I  45.0  ' 

2.1  I  45.0  I 

2.4  i  44.5 


Tho  Doerfield  is  the  second  largest  tributary  of  the  Connecticut. 
It  ris<\s  in  southern  Vermont,  crosses  the  Massachusetts  St^ite  line, 
and,  a  few  miles  across,  turns  eastward  and  entei*s  the  Connecticut 
alK)ut  7  miles  below  the  mouth  of  Millers  River.  The  river  has  been 
little  d(^veloped,  and  for  the  most  of  its  lenj^^th  runs  wild  and  free 
There  are  many  good  and  available  power  i)ri  vileges,  the  slope  is  rapitli 
and  tlio  country  is  conveniently  travers(Hl  by  railroads,  yet  veryfo\v 
industries  have  been  establishc^d  in  it.  'i'he  elevation  of  the  Deerfid^l 
at  Readsboro,  Vt.,  at  the  mouth  of  the  West  Ih-anch,  is  1,154  feet, 
while  42  miles  below,  at  its  mouth,  its  elevation  is  alK)ut  120  feet. 
There  is  pra(*tically  no  storage  ui)on  the  drainage  area  in  Massaolui- 
setts  and  very  little  in  Vermont,  therefore  the  flow  is  variable.  I" 
many  places  where  power  sites  are  otherwise  excellent  the  valleys  are 
too  narrow  for  the  location  of  mills.  The  river  drains  056  square 
miles. 

The  total  population  of  the  basin  is  about  24,400,  or  approximat^^ly 
37  per  sciuare  mile.  There  is  no  important  city  within  the  watershed- 
Garfield,  with  a  population  of  7,927,  is  tho  largest  place,  but  it  is  at 
the  mouth  of  the  Deerfield,  and  is  also  drained  by  the  Connecticut 
itself.  Shelburne  and  Colerain  are  next  in  size,  with  1,508  and  1,749 
inhabitants,  respectively.  Shelburne  Falls  is  the  only  manufacturing 
town  in  the  drainage  area,  although  there  are  powers  develope<l  ^^ 
Iloosac  and  Readslmro.  There  are  no  sewerage  systems  in  the  basiu* 
the  country  is  not  highly  fertile,  and  these  facts,  taken  together  ynt^ 
the  sparse  population,  indicate  clearly  the  character  of  the  wat^r- 
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Deerfield  is,  in  effect,  another  river  Hysteni  which  hjis  lM»eu  pro- 

ed  in  pnictically  itsorigin  il  condition,  with  all  its  iioruuil  resources 

ffecled. 

^*\v  analyses  are  available  to  show  the  character  of  the  water  of 

Deerfiehl.     These  are  inclu<l(Ml  in  Table  4"). 

Tahle  4.'>. — AntUt/Hi'it  Iff  water  fntm  Ih-rrjiriff  Itirvr  at  rdrhms  jHn'iits. 

[Parts  jier  millinn] 


'Sitnmvn  aw— 

- 

'C 

.        1 

i 

1 

1 

tj 

1 

4*  " 

i    1 

5 

'5 

1 

c 

PliM-r  of  r«)lK«<'ti<m. 

S 

£3 

ojei 

((.(Ml) 

^ 

rix.o 

a 

A I 

None 

x)v«'  R«'ud.sl>or«). 

VfryHlijrbt 

.ia() 

.(Bft)  1 

.(Ml 

Ati)  ' 

:«i.o 

M. 

>nnM'. 

-do 

1    :i.7 

.110 

.urt 

.(NNI 

.lai 

(»..'» 

ti><..-. 

.'» 

Fb 

»ridu. 

-do 

'        .8 

.(K5 

.011 

.(Ml 

.iw 

1.1 

4K.(I 

21 

Co 

l«Tiiin. 

i    .7 

•A.  2 

.(If IK  , 

.(NNI 
.(IKI 

.i(« 

.(W7 

1.1) 

1.0 

iU.  1 
:«i.o 

2S 

A, 

yd<'ii. 

H>v«'  S)i«'llmrii«*  Falls. 

omment  on  the  results  set  down  in  Ta])le  45  simmiis  iinn(»c(\ssary. 
B  waters  there  n»presented  are  practically  normal,  the  evid<»nc(»  of 
'Hije  iX)llution  beinj;  very  faint  and  the  polluting  substances  having 
u  practically  all  reduccMl  to  inorganic  niatt(»r. 

CHICOPEE  RIVER. 

riieCliicopee  is  formed  at  Three  liivers  by  tin*  union  of  the  Quaboag, 
ire,  and  Swift  rivers.  The  Quaboag  is  the  most  southerly,  and 
liiis  21t)  squan*  miles;  tlu»  Ware  drains  214  sfpiare  mil<\s,  while  the 
<in  of  the  Swift  eovei's  21!)  s<[uare  miles.  Tlu^  total  discharge*  avtM^- 
's  V}i',\)  eubic  feet  per  second. 

DrnliKK/e  ana. — The  drainage  ar<»a  of  the  Cliicopee  (svv  lig.  U)  is 
K(T  than  that  of  any  other  tributary  of  the  Comiecticul,  com[)rihing 
>S(piare  miles  in  central  and  southern  Massachus(4t.^,  and  occu[)y- 
,'large  portions  of  \Vorc(*ster,  Franklin,  llainpshirt*,  and  Hampden 
uities.  The  country  is  fairly  ])ros[)erous,  and  has  constantly 
creased  in  popuhition  sinc(»th(»  middhjof  the  last  century.  During 
*(Mit  (l(»cjMles  this  increase?  has  Ixmmi  conthuMl  to  the  citi(\s  and  large 
laj^es,  the  rural  population  having  decreased  considerai)ly.  The 
wintry  is  very  accessibU?,  being  t]'avers(»d  by  (vvcellent  railroad  sys- 
ns,  which  have  been  of  valine  to  tlu»  ])ower  facilities  of  the  river. 
is  hilly,  with  open  valleys,  the  soil  being  principally  bed  gravel 
>SHed  by  ledges  of  ivd  sandstone,  which  form  numerous  falls  in  the 
ei-s  that  ilow  through  the  district.  The  slope  of  the  rivei'sthrough- 
ttlie  whole  system  averages  lo  fe(4  per  mile,  but  the  maximum  for 
'*tHin  sections  is  far  greaten*  than  this. 
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Ftyruiuge, — There  are  in  Iht^  baHin  many  iiatiirHl  rt'««^rvoirh,  wliiij 
serve  to  maiiitnm  ooniparatively  steiwly  fltjw  in  tin*  .sfn?aras.    Tbe 


Fl(».  y.— C'hieoiieo  River  drainage  basin. 


is  also  considorable  swamp  land,  especially  along  iheQual>oag  River, 
which  materially  assists  in  the  maintenance  of  a  uniform  rate  of  flow. 

Table  46. — JYhunjnil  ^MudM  iu  Ixntin  of  Chicojtee  River. 


Locality. 

Prescott 

New  Salem . . . 


Greenwich . 

Do 

Do 

Petersham  . 
Dana 


Nauio  of  iK>nd. 


( )n  West  Branch  of  Swift 
River. 

Thompsons  Pond 


Curtis  Pond 

Luce  Pond 

West  Pond 

Re8ervoir(no  name  given) 
Neeseponsett  Pond 


Area. 


AcrcB. 
154 

235 

155 
124 
94 
175 
118 


Tributary  to  what  stream. 


West  Branch  of  Swift 

River. 
Middle  Branch  of  swift 

River. 

Do. 
Do. 
Do. 
Do. 
Do. 
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1 46. — Principal  ponds  in  hcunn  of  Chicojfee  River — Continued. 


^lity. 


ston. 


Name  of  pond. 


Davis  Pond 


Area.       Tributary  to  what  stream. 


Lntree 


K>kfield... 
ookfield . . 


Pottapang  Pond 

Phillipston  Pond 

Pond  northeast  of  alx^veJ 

Reservoir  near  Westmin- 
ster. 

Moosehom  Pond 

Asnyconie  Pond 

Mnddy  Pond 

Reservoir  ( no  name  given ) 

Pond  west  of  center 

Long  Pond 

Demon  Pond  .  _ 


Two  ponds  near  center 


Browning  Pond 

Wickaboag  Pond 

Brooks  Pond . . 

Furnace  Pond 

d PodunkPond 

'  South  Pond 

;  Cranberry  Meadow  Pond. 


Acr*r«. 
100 

160 
202 

130 
90 

160 

202 
200 
135 
160 
138 
94 
75 
140 
323 
178 
305 
508 
340 
107 


East  Branch  of    Swift 
River. 

Do. 

Bum    Shirt    River   (to 
Ware). 

Do. 

Ware  River. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Quaboag  River. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Total  area 
ponds. 


of    28       5,040 


*-  values. — The  Teuih  Ceu8ii8  Report  uii  Watur  Power  contains 
[lent  description  of  the  power  utilized  on  the  Chicopee.  It 
hat  the  main  river  is  an  extremely  valuable  one,  and  has 
prominence  by  reason  of  the  extensive  cotton  and  other  manu- 
ig  indostriefi  established  along  its  coul•sc^  The  available  fall 
river  has  been  practically  all  utilized.  Of  the  three  nuiin 
«  the  Quaboag  is  the  most  valuable  for  power  because  of  its 
tained  flow,  the  value  of  the  Ware  and  the  Swift  rivH»rs  fol- 
jlosely  in  the  order  named. 

icter  of  ivater  in  the  Chicopee  Basin, — The  following  towns 
ated  partly  or  wholly  within  the  C'hicoi)ee  Basin:  Chicopee, 
,  Belchertowu,  Palmer,  Monson,  Wales,  Brimfield,  Warren, 
jld,  West  l^rook field.  North  Brookfield,  Si>encer,  Paxton,  New 
3e,  Ware,  Enfield,  Ilardwick,  Oakham,  Greenwich,  Prescott, 
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Pelliaiu,  Shuti\sl)ury,  Dami,  JJarre,  New  Salem,  Wendell,  PeterahaB^ 
PhillipHton,    Templeton,    Ilubbardstoii,    Rutland,    Wilbraham, 
Springfield. 

The  population  in  the  drainage  area  is  ab<mt  (M),(HH),  or  127  per 
8(piare  mile. 

WAltK    KIVKK. 

The  watiM-slnnl  of  Ware  River  adjoins  that  of  the  Nashua.  It  has 
an  elevation  in  the  towns  of  Oakham  and  Harre  of  aliout  04o  feet 
above  high  tide*.  The  i)opulation  is  small  and  the  pollution  is  tlH'n*- 
fon»  not  objectionable,  and  from  a  sanitary  point  of  vi«'W  the  stream 
is  an  excellent  source  of  water  supply.  Tlu^  area  has  been  considered 
a  favorable*  one  by  the  Metropolitan  Water  lioard  of  Mas-sjichusetts 
as  a  part  of  the  natural  gathering  ground  for  tln^  future  supj)lyof 
lioston  and  the  vicinity.  It  f<n-ms  a  link  in  the  chain  of  gathering 
grounds  in  central  Mass^udiusetts,  whi<*h  will  at  some  day  in  the 
futui*e,  when  the  demands  require  it,  be  connect^Hl  with  the  Nashua 
and  the  waters  carried  through  the  long  aqucnlucts  to  the  distribution 
stations  in  the  vicinity  of  Hoston. 

Analys<*s  have  b<»<»n  nuide  periodically  by  tlie  Massachusi'tts  State  i 
Board  of  Health  of  the  water  in  Ware  River  at  CV)ldbr(K>k  station,  in  '. 
tin*  town  of  Harre.     The  average  n*sults  for  each  year  are  included 
in  Table  47. 


Tablk  47. — Analysf's  of  water  f nun  Wan*  HiiH'r  at  CoUUrntok  station  at  Barrf. 

[Parts  iMT  iiiini<»ii.] 


Xitn»^f»»ri  as 


Ymr. 


1894     7.4' 

1895 7.8  j 

1896 7.2  I 

1897    S.  a 

1898 7.  fi  ' 

1899 .■».()  ' 

19()0...  ..  «.2  I 


—  a  . 
^  c  5 


0.178 
.219 
.198 
.198 

.184 
907 


5« 


0. (K)5 


.014 
.003 
.010 
.011 
.010 
.025 


I 
u 

0.  (KX) 
.  000 
.(MN) 
.000 
.000 
.000 
.0(K) 


0. 023 
.051 
.038 
.032 
.027 
.  032 
.014 


1.4  I  35.5 
1.7     39.6 
l.l  '  :^3.6 
1.4  I  36.0  j     7 
1.4  I  35.1       7 

1.4    as.  8     4 

1.4     36.6  I     5 


1 1[ 

8,       1'^ 
0         I' 

8!     . 


12 


I 


The  color  of  the  water  is  fairly  high,  due,  no  doubt,  to  a  consider- 
able extent  of  swamp  land.  The  amount  and  condition  of  the  organic? 
matter  is  not  particularly  suggestive,  save  that  the  free  and  alhunii' 
noid  ammonia  in  1000  is  higher  than  in  previous  years,  showing  juldi' 
tional  organic  pollution,  the  source  of  which  is  not  ai)pai'ent.  T^*^ 
normal  chlorine  for  this  region  is  from  1.1  to  1.2  parts  per  million,  ^ 
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at  the  average  of  1.4  parts  in  the  table  above  set  forth  shows  a  slight 

w^e  contamination. 

In  the  basin  of  Upper  Ware  River  is  Musquapog  Lake,  the  source 

the  water  supply  of  Rutland.     The  following  analyses  were  made 

the  water  from  this  lake  in  the  year  1900: 

Table  48. — Analyses  of  water  from  Musquajtoy  Ixike, 
[Parts  iK'r  million.] 


Turbidity. 

Nitrogen  a«~ 

i 
t 

2 

Ntte  of  collec- 
tion. 

\i 

i 
9i 

1900. 

01.31 

Very  slight 

0.3 

0.118 

0.008 

0.001 

0.010 

Qg.l4 

do 

.1 

.188 

.010 

.000 

.000 

fpt.26 

do 

.2 

.130 

.044 

.000 

.020 

ec.  20..  .  . 

do 

.2 

.218 

.070 

.001 

.030 

! 

« 

s 

i 

1 

§_ 

3 

1.0 

17.5 

1.4 

17.0 

1.4 

21.0 

2.8 

29.0 

The  water  supply  of  Barre  is  collectcnl  iu  a  reservoir  within  the 
)wn,  the  water  flowing  from  several  springs  in  the  vicinity  and  from 
lie  surface  of  the  ground  for  a  considerable  area  above.  Analyses  of 
lii8  water,  made  in  1898,  are  reported  as  follows: 

'able  49. — Analyses  of  water  from  the  reservoir  of  the  Barre  Water  Company, 

[Parts  per  million.] 


Nitrogen  a«— 

Date. 

Turbidity. 

1 

II 

1 
X 

1 
Nitrates.         ! 

1 

'  Chlorine. 

i 
3 

1 

1898. 

1              1 

^an.  11.. 

Decided 

do 

1.5 
1.1 

0.090  I0.O02   0.(K)0 
.272  1  .018  '  .002 

0. 000 
.002 

1.4 
1.5 

25. 0 
19.0 

10 

^PM2 

8 

^nly5 

Slight 

1.1 

.330  '  .042  ,  .001 

.001 

1.3 

25.0 

5 

)ct.5 

do - 

1.0 
1.2 

.  530 

.150      .000 

.020 

1.4 

25.0 
28.5 

8 

Average. - 

.308 

.054 

.001 

.032 

1.4 

8 

IRR  79—0:3- 
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Ware  River,  after  flowing  by  the  town  of  Barre,  which  has  a  popii* 
lation  of  over  8,00(),  phiinly  shows  the  effects  of  pollution.  A  large: 
number  of  the  houses  and  some  of  the  factories  of  Ware  empty  their! 
wast4?s  directly  into  the  river.  Analyses  of  samples  of  water  takea' 
from  the  river  lx»low  the  town,  made  by  the  State  Board  of  Health,  is 
the  year  H>0(>,  are  given  in  table  50.  When  these  are  compared  with 
those  made  of  the  water  collected  at  Cold  Brook  Station  the  change  Ifl 
clearly  ii  lustra  ted. 

Table  50. — AnalyneH  of  imter  from  the  Ware  River  below  Ware. 
[  PartH  iwr  million.  ] 


Date  f>f  oollwtion. 


1900. 

July  17- 

AiigiiHt  22 

September  20... 

October  16 

November  19  _ . . 
December  19    .. 


Turbidity. 


Average - 


Slight 

Deeidetl 

do 

Very  slight. . 

Decided 

do 


Nitrogen  i 


'3 

3  a 

la 


4.1    0.312 


3.7 
3.4 
7.3 
7.0 
5. 0 


.  324 
.404 

.2^8 
.  275 

.2H8 


5.1      .315 


0.060 
.032 
.076 
.052 
.110 
.132 

.077 


1 

i 
1 

0.008 

0.000 

.(K>2 

.040 

.003 

.030 

.002 

.040 

.001 

.050 

.002 

.120 

.003 

.045 

2.1 
2.2 
3.3 
2.4 
2.5 
2.5 


0 


46.5 
45.0 
52.0 
54.0 
49.0 
51.0  , 


49.6      11 


Not  far  below  tlie  point  where  tliese  samples  were  collected  Ware 
River  joins  the  Swift  and  the  Quaboag.  The  analyses  in  table  49 
therefore  represent  the  character  of  the  water  contributed  by  the 
Wai-e  River  to  the  Chicopee  system. 


SWIFT   KTVER. 

Swift  River  is  the  westernmost  of  the  three  main  branches  of  the 
Chicopee.  Below  the  town  of  p]iifield  it  has  an  elevation  of  376  feet 
above  tide.  It  drains  an  area  of  185.7  square  miles,  which  has  a 
population  of  128  i>er  square  mile.  This  area,  like  that  of  the  Ware, 
has  been  considerd  as  a  source  of  water  supply  by  the  Metropolitan 
Water  Board.  The  water  is  of  excellent  quality  and  has  little  color. 
The  following  analyses  have  been  made  by  the  State  Board  of  Health 
of  Massachusets. 


It.l 
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'abL£  51. — Analyses  of  water  f ram  Swift  River  at  designated  points, 

EAST  BRANCH  IN  GREENWICH. 

[Parte  per  million.] 


t 

Nitrogen  a»— 

1 

TJ 

1 

s 

s-g 

Me. 

u 

1 

II 

5* 

\i 

1 

5 

i 
1 

a! 

1 

O 

% 

& 

1 

Number  of 
analyz 

4.7 

0.146 

o.ou 

0.000 

0. 015 

1.5 

31.0 

8 

2 

3.8 


MIDDLE  BRANCH  IN  GREENWK^H. 
0.  (KM) 


0.115 


0.012 


0.000 


1.3  I  31.5 


BARRETTS  JUNCmON. 


3.2 


0.167       0.012       0.000       0.040       1.6     33.3 


10 


TOWN  OF  ENFIELD. 


0.4  1     0.030 

i 


0.000 


0.000 


0.058 


1.1 


25. 8 


QUABOAG   RIVEK. 

iQuaboag  is  the  southernmost  of  th(3  three  main  branches  of  the 
pee.  It  drains  the  whole  area  of  the  towns  of  Monson,  Brinilield, 
Braintree,  Oakham,  Spencer,  and  Paxton.  The  population  per 
e  mile  is  125,  which  is  considerably  larger  than  in  the  Ware  and 
basins.  The  character  of  the  unpolluted  water  in  the  drainage 
)f  the  Quaboag  is  well  shown  in  the  following  series  of  analyses: 

Table  52. — Analyses  of  aupolluted  water  in  Qnahoag  Basin. 
[Parts  per  million.] 


Nitrojfen  as — 

Place  of  collection. 

1 

'o 
O 

1.1 

|i 

0. 355 

6 

a 
li 

0.030 

p 

g        Nitrites. 

t 

i 

0. 105 

1 

S 

1.7 

1 

i 

oir,  Monson 

34.5  1.... 

Pond,  Spencer 

.3 

.136 

.007 

.059 

1  4 

26.9    .... 

'ell,  Monson 

.1 
.0 

.011 
.006 

.002 
.001 

.000 
.000 

.095 
.078 

1.2 
1.3 

33.3  i     10 

> -- 

32.2  '      7 

:,  North  Brookfield 

.0 

.008 

.010 

.000 

.245 

1.4 

37.0 

9 

Pond,  North  Brookfield  . . 

5.3 

.308 

.  145 

.002 

.050 

1.2 

31.5 

4 

Pond,  Spencer 

.3 

.148 

.018 

.000 

\ 

i  ,0^\\.^ 

\^^^*i..^^v       ^ 
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The  settlements  along  the  Quaboag  which  contribute  a  considerabh 
amount  of  matter  to  the  river  above  the  town  of  Palmer  are  Spenon*, 
Bi-ookfield,  North  IJrookfield,  Warren,  and  Monson.  Aft^r  the  water 
has  i)as8<»d  all  these  points  it  is  in  the  condition  indicated  in  tte 
following  table: 

Tablk  5;}. — AnalysvH  of  tratvr  from  (^tutbong  River  above  Palmer. 
[PartH  iier  million.] 


Turbidity. 

u 

i 

NitruKon  a»— 

1 

DaUi  of  colltH"- 
tion. 

Albuminoid 
ammonia. 

1 

2 

Nitrates. 

1 

s 

1 

1: 

1900. 

11. 

10  r! 

July  17 

Very  slight  . 

4.4 

0.196 

0.040  jO.OOl 

0.010 

1.9 

41.0 

August  21  

Slight ... 

5.1 

.  2;w 

.0:{2 

.001 

.010 

2.5 

47.0 

Sei>t*»iul»er  19 

Very  slight . 

3. 5 

1  .208 

.028 

Am 

.080 

2.8 

42.5 

13^ 

Oct<)l)er  29 . . . 

Slight  -      . 

4.4 

.248 

1 

.048  '  .002^ 

.040 

3.1 

45.0 

U    • 

November  20  . 

do 

4.:\ 

.210 

.  Om      .  (KM) 

.110 

2.9 

44.5 

17      : 

December  18.. 

do 

4.5 
4.4 

1  .198 
.217 

.010 
.082 

.008 

.001 

1 

.100 

.a5o 

2.5 

42.5 

11 

Average 

2.6 

87.7 

13 

After  receiving  considerable  s(»\vage  from  Palmer,  the  river  Mow  is 
not  apparently  in  a  worse  condition  from  the  standixiint  of  orgnuic 
content  than  it  was  above  that  town.  This  fact  is  shown  by  the  follow- 
ing analyses: 

Table  54. — Anali/svH  of  the  water  of  the  (^ualyoatj  River  l>elow  Palmer. 
[  Parts  p«'r  million.  ] 


Dato  t  »f  <*ollectioii. 


1900. 

July  17 

August  21  --- 
September  19 
October  29... 
November  20. . 
December  18.. 


Arerag-e . 


Turbidity. 


Very  slight  . 

Slight 

Very  slight. 

Slight 

Decided 

Slightl 


4.1 
5.0 
3.1 
4.0 
3.7 
4.1 


4.0 


Nitroi^n  f 


.2*2 


6 

a 


5 


0.180 
.246 
.198 
.248 
.216 
.190 


0.040 
044 
008 
048 
048 
008 


J_ 


.213     .033 


V'''\ 


0.001 
.001 
.001 
.002 
.000 
.003 


I 


0.030 
.050 
.050 
.040 
.140 
.120 


\ 


.001 


\ 


.072 


X 

o 


1.8 
2.4 
3.0 
3.1 
2.9 
2.5 


2.6 


:3     I 
I     I  I 


41.0 
51.5 
44.0 
47.0 
44.5 
48.5 


45.2 


13 
8 
13 
10 
16 
U 


tS 
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A  comparison  of  the  two  tables  shown  alH)ve  illustrators  in  a  fairly 
jlear  way  a  point  made  at  the  beginning  of  this  dis<*ussion,  wliich  is, 
Jhat  analysis  of  water  is  not  always  effectual  in  showing  its  condition 
Tom  the  standx)oint  of  general  healthfulness.  It  is  plain  that  the 
wsXer  of  Quaboag  River  can  not  l)e  as  safe  for  public  us**  after  it  has 
MS8ed  the  town  of  Palmer  as  it  was  al>ove  this  i)oint.  The  amount 
>f  lK)lhition  from  Palmer  is  rather  extensive,  but  it  is  not  apjiarent  in 
-he  analysis  of  the  water.  The  rcas<m  for  this  is  i>robably  that  the 
imount  of  i>ollution  is  not  sufficient  to  appnHMably  change  the  quan- 
tity of  organic  matter  containe<l  in  so  large  a  flow  as  that  of  thc(2ua- 
boajr,  yet  it  is  undoubteiUy  true  that  if  the  germs  of  any  water-bonu^ 
disease,  such  as  typhoid  fever,  W(»re  brought  into  the  river  fn>m 
Palmer,  the  use  of  the  water  l)elow  Palmer  would  1m»  (extremely  dan- 
gerous, even  though  the  analysis  would  seem  to  show  that,  from  the 
stand{)oint  of  organic  content,  the  river  had  not  changed. 

From  the  confluence  of  the  Swift,  Ware,  and  (Quaboag  rivers  the 
Chicopi^e  runs  almost  due  west,  past  the  municipaliti<»s  of  T.udlow, 
^Vilhraham,  C-hicopee,  and  Springfield.  The  first  village  b<»low  Three 
Rivers  is  Ludlow,  from  which  there  is  considerable  sewage  emptying 
into  the  Chicopee.  The  average  of  six  analyses  of  the  water  Indow 
Ludlow  made  in  the  year  IIMH)  is  rei>orte<l  as  follows: 

Table  55. — Analyses  of  initcr  from  thr  Chicoprr  Hirer  heloir  Lmthfir. 
[Part«  iK»r  million.] 


Year. 


190). 


Color. 


8.8 


Nitr<>K«*n  as— 


Alhumi-        p,_^,     I 


0.240  I     0.(Mt3  j     0.012 


Nit  rut  ♦'H. 


0.  09S 


Vh\o- 


Totul 


Hunl- 


i-i»«'-    I    ,YmI.    I   "''"*"• 


2.8  I  40.0 


After  receiving  sewage  from  Indian  Orchard,  Cliicoi)ee  Falls,  ami  a 
part  of  C-hicopee  the  river  enters  t  lie  Connc^cticut.  No  recc^nt  analyses 
^f  the  water  of  the  river  at  a  point  below  that  are  available. 


WESTFIELD  RIVER. 

Drainage  basin. — Westfield  River  is  a  branch  of  the  Connecticut 
^hieh  enters  the  latter  from  the  west  at  a  point  opposite  Springfi<»ld, 
^ftS8.  (See  fig.  10.)  It  has  a  drainage  area  of  about  515  square  miles, 
all  of  which  is  situated  within  the  State  of  Mjissachusetts.  Abov(»  a 
point  16  miles  from  the  mouth  of  the  river  the  country  is  extn^mcdy 
"iUy,  and  in  the  upiHM*  district's  it  is  even  mountainous.  The  maxi- 
mum fall  from  source  to  mouth  is,  where  measured  via  tlu^  West 
^fanch,  about  1,102  feet,  or  an  average  of  32.5  feet  per  mile.     In  the 
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upper  part  of  the  river,  liowever,  the  fall  averages  usually  70  feetpw 
mile. 

The  rainfall  on  the  watershed  finds  its  way  over  the  steep  slopei 
rapidly  and  the  flow  of  the  river  fluctuates  in  consequence.  This 
flcKxl  flow  is  not  steadied  by  any  considerable  storage  within  the  basin, 
for  there  an*  few  natural  iK)nds  or  lakes,  and  little  or  nothing  has 


Pia.  10— Westfleld  River  drainage  basin. 

been  done  to  impound  the  waters.  Gen.  Theodore  G.  £llis,  Chief  oi 
Enj^ineers,  U.  S.  Army,  has  given  the  average  flow  of  the  river  as  500 
cubic  feet  jx^r  second,  but  this  is  believed  by  Professor  Porter  to  b^ 
too  large. 

Popuhifion, — The  development  of  the  drainage  area  of  the  West- 
field  has  been  slow  and  the  growth  of  jxipulation  slower.  In  a  grea^ 
majority  of  the  towns  there  has  been  a  decrease  in  the  number  of 
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nhabitauts  vrithin  the  decade  1890-1000.  A  large  part  of  the  basin 
las  no  railroad  facilities  whatever,  and  there  has  been  no  need  of  any. 
n  short,  the  country  has  not  shared  the  industrial  and  commercial 
^vancement  which  has  been  made  by  the  greater  part  of  the  sur- 
t)onding  sections.  In  the  lower  parts  of  the  area,  notably  in  West- 
ield,  there  has  been  an  increase  in  population  amounting  to  25  per 
»nt  in  the  last  decade.  Exclusive  of  this  town  and  W(»st  Springfield, 
he  most  populous  part  of  which  drains  into  tho  Connecticut,  the 
irainage  area  has  a  population  of  about  23  i)er  scjuare  mile. 

Character  of  water. — On  account  of  t.li<»  small  population  the 
character  of  the  water  is  excellent,  aii<l  the  river  above  the  town  of 
Westfield  may  be  considertni  practically  unpolluted.  The  following 
expressive  statement  is  found  in  the  report  of  the  State  Board  of 
Health  of  Massachusetts  for  181)0: 

Analyses  of  the  water  of  the  Westfield  River  liave  not  Ixeim  made  regularly, 
because  it  was  pollnted  so  little  during  the  time  covered  by  tliese  investiKations 
0887-1889)  that  it  seemed  unnece88ar>'. 

As  above  noted,  conditions  in  the  river  hav(^  not  changed,  except  in 
the  lower  end;  therefore  the  passage  quoUnl  apidies  at  the  present 
time.  The  construction  of  a  sewerage  s}  stem  at  Westfudd  and  the 
location  of  its  outlet  in  the  river  has  made  it  ne(»essary  to  examine 
the  waters  above  and  l>elowthe  outlet  in  onler  to  show  the  effect  upon 
the  river.  In  the  investigation  of  wak'r  supplies  for  different  towns 
in  the  district,  several  analyses  of  water  in  the  drainage  basin  were 
made. 


Table  56. — Analyses  of  normal  iraft'r  of  tin'  Wvstjivhl  Rirrr  sffstcm. 
[Parts  ]M'r  million.  1 


Nitroj^en  a.^- 

Hardness. 

Number  of  sam- 
1      pies  analyzed. 

f'olnt  of  taking 
Mample. 

1 

1 

C 

Albuminoid 
ammonia.    I 

Nitrates.        ' 

i 

2 

Total  residue. 

^"heater 

None  ... 

O.i) 

0.  008 

0.001    O.OOl 

0.  120 

1.0 

:V2.  5 

11           1 

^nntington 

....do--. 

.9 

.  im 

.004      .0(M) 

.04:{ 

.9 

32.  1 

ir>      14 

(Middle 

Branch). 

! 

Inntington 

1.4 

J)H7 

.  005 

1 

.()(K) 

.or>:i 

1.0 

:w.  2 

14 

14 

(East  Branch) 

1 

tusaell 

Very 

1.2 

.07S 

.010 

.000 

.  070 

•~ 

:J2 

1 

1 

slight. 

i 

Iranville 

1.:^ 

.071 

l.„„ 

.(HN) 

.027 

1.2 

2«.7 

4 

14 
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The  above  analyses  represent  the  characteristics  of  water,  which 
may  fairly  be  called  normal,  obtained  from  different  parts  of  the 
drainage  area.  It  will  be  seen  that  there  is  very  little  difference  in 
the  color  of  the  various  samples  and  that  the  residue  and  the  albumi- 
noid ammonia  are  remarkably  uniform.  The  Granville  sample  shows 
higher  free  ammonia  and  chlorine  than  the  preceding  ones,  which  for 
the  moment  looks  threatening,  but  it  will  be  seen  that  the  acioal 
departure  from  the  normal  is  wholly  within  the  limits  of  error,  andif 
there  is  any  i>ollution  in  the  Granville  sample  it  is  not  sufficient  to 
produce  significant  changes,  so  that  the  water  from  nearly  the  whole 
West  field  an^a  is  of  practically  normal  charact-er.  The  basin  remains 
in  a  condition  in  which  may  l>e  realized  all  the  resources  which  its 
sti*eams  can  provide.  The  public  demand  for  drinking  water  may  he 
met  at  almost  any  i>oint,  and  there  is  no  blemish  on  the  ice  fields. 
The  manufacturi^r  may  use  the  water  with  impunity,  for  it  is  not 
changiMl  suflfi<»iently  to  injure  his  products.  That  this  district,  lying 
between  the  m<»tropolit4in  an^a  of  New  York  and  the  prosperoos 
country  of  i*entral  Massachusetts,  shtmld  remain  throughout  its 
greater  part  in  normal  condition  is  worthy  of  remark. 

We  will  now  trace  the  changes  that  tiike  place  in  the  water  of 
Westfiehl  River  after  it  passes  the  town  of  Westfield,  with  its  popu- 
lation of  12,310. 

Table  57. — Atmh/si'H  of  wafer  from  Westfield  /i?ifv*r  alnn^.  and  below  Westfidd. 

[Parts  i>er  million.] 


Nitrogon  as— 

1 

\i 

Point  of  takin>? 

li 

3  . 

s 
■a 

1 

A 

sample. 

0 

55 

as 
II 
< 

Free  a 
monia 

i 
>5 

1 

4f 

a 

1 

^3 

AIk)vo  Westfield.. 

o  o 

0. 185 

1 
0.018 

0.000 

iijm  ' 

L3 

43.« 

111 

1') 

Below  Westfield. 

2.0 

.  2m 

.  128  ' 

1 

.004 

1 

2.3 

49.9 

23 

11 

The  analyses  in  the  table  above  are  of  pecnliar  interest,  as  they 
show  the  (^tTeet  of  a  sinji:le  sewerage  system  on  a  pure  stream.  From 
what  has  gone  before  it  will  be  rememlH»red  that  Westfield  River 
receives  practically  no  significant  pollution  until  it  reaches  the  city 
of  Westfield,  but  in  passing  the  city  it  is  changed  from  a  normal  river 
to  a  polluted  one.  Let  us  consider  the  significance  of  the  determina- 
tions in  Table  57.  The  average  of  the  samples  taken  below  the  city 
shows  a  great  incn^ase  in  the  amount  of  polluting  material.  Free 
ammonia,  nitrites,  and  chlorine,  the  special  indicators  of  the  presence 
of  sewage  pollution,  are  all  present  in  incn^ased  quantities,  while  the 
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nouiits  of  nitrates  and  albuminoid  ammonia  aAsnmo  a  proix^r  n^lntioii 
>the  whole. 

HOCKANUM  RIVER. 

Drainage  area, — C)n  the  boundary  botw<H»ii  tin*  towns  (»f  'IN»lland 
ad  Ellinjjrton,  Conn.,  there  is  a  lake,  the  level  of  \vhi<*li  has  Ik^'h  so 
lised  by  a  stone  embankment  35  feet  hijijh  that  it  has  an  <»xpaiis<'  of 
^aeres.  ItM  drainage  area  iH  15.4  square  miles,  hut  in  a<hiitloii  to 
16  surface  water  which  at^eumulat4»s  fn)ni  this  territory,  it  is  largely 
sd  by  hidden  sprinp*.  This  lake,  ealled  Shenipsit,  is  the  souree 
f  lloekanum  River,  which  flows  thene<»  in  a  sonthw<'sterly  ('oui-sc^ 
mptying  into Conne(tticut River  opiK)sit<»  Hartford.  The  llo<*kanum 
I  principally  imjK^rtant  by  n*ason  of  the  power  dev<'lop<Ml  alon^ 
\%  course,  for  although  it  is  less  than  -<>  miles  lon^  it  furnishes 
,957  horse  iM)wer. 

Flow. — Acconling  to  the  measureuuMits  of  (i<Mi<Tal  Kllis,  Chiof  of 
engineers  of  the  U.  S.  Army,  the  flow  of  th«»  rivor  averaged  \:\:1  rwltU* 
'eet  per  second,  it«  maximum  flow  being  r»,l(;7  seeond-fe<'t.  Tln'  th»w 
s  peculiar  by  reascm  of  the  fact  that  about  :i,(M)(),(M)()  r\\])\r  fVet  a  <lay 
ire  allowed  to  run  from  Shenipsit  Lak(»  during  working  hours  wliile 
no  water  is  i)ermitted  to  flow  at  night  or  on  holi<lays. 

There  are  several  factories  on  the  banks  of  th<»  riv<'r,  most  (»f  thrm 
works  for  the  manufacture  of  textile  fabrics  and  paper,  .lust  brlow 
Shenipsit  is  Rockville,  when*  1,400  horsepower  ar<»  d(*velop(Ml. 

Cluiniefer  of  water, — Shenipsit  Lake  drains  an  area  which  is  sparsely 
settM,  and  its  water  is  therefon*  i)ra<*tically  n(»rinal  and  of  I'xrclh'ut 
quality.  It  is  used  as  a  supply  for  the  (Mty  of  Roekvillo  and  has  Iw^en 
analyzed  b^'  the  State  Hoard  of  Health  of  ('onn<'ctieut. 

Tablk  58. — AnaJifHt'H  of  tnitcr  nf  Slirnipsif  Ltikr. 
[Parts  p«T  million  ) 


^t«of  rollwtion. 


1900. 


I 


I 


Nitr«)»?«'ii  as- 


2    I    <"    ■ 


0.1  I   0.104     o.oar     o.(M)i 


s    I 


?.     i    t 


c 


.:{ 


.107 


.  021 


.  000 


0.05     \.m  :  :n.:{ 

.OS  !  1.4'J  '  'M.2 

I       i 


11 

12 


'"aylor's  res<irvoir,  on  th(^  south  branch  of  the  ITockanum,  is  another 
"*%  of  normal  water.  It  is  used  as  a  source  of  sui)ply  for  South 
Mniichester,  Conn.  Analyses  nuide  by  the  Connecticut  State  Boanl 
^^  Health  in  the  year  1000  are  reported  as  follows: 
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Table  59. — Analyses  of  water  from  Ttiylor^s  re9ervoir^  Maneh^teTj  Conn. 

[Parts  per  mfllion.] 


Date  of  collec- 
tion. 


1900. 
Jan.  24... 
Mar.  15.. 
May  10  .. 
Jnly  :}...- 
Sept.  la  . . 
Nov.  7... 


Average - 


>. 

€ 

2 


Very  RliKht. 

Clear  

do 

do 

do 

do 


0.4 
.1 
.2 
.1 
.1 
.1 


Nitrogen  as— 


0.180 
.102 
.110 
.068 
.108 
.112 

.105 


0.028 
.044 


.018 
.112 

.025 


I 


0.001 
.001 
.002 
.001 
.000 
.000 


.001 


I 


0.10 
.05 
.05 
.02 

.as 

.08 


.05 


I 
n 


l.T 
1.5 

1.5 
t.7 

1.06 


1     1 


rj   1 


34.1 


Pollution, — The  Board  of  Health  of  the  State  of  Coiineetieat  vs 
invest  igatin^  the  ehara<?ter  of  the  water  in  Hockanuin  River,  sample 
l>eing  collected  at  three  available  points,  viz,  Windermere,  Noitt 
Manchester,  and  Bnrnside. 

This  work  was  done  during  the  years  1895,  1896,  and  19O0,  tbe 
samples  being  collected  monthly,  from  May  to  October  in  ©a^h  year. 
They  indicate  extensive  pollution  of  this  stream,  but  since  it«  prind- 
pal  resource  is  water  power,  the  damage  done  is  not  signHicant.  The 
character  of  the  water  will  doubtless  be  better  in  the  future,  by  rejfc- 
son  of  the  insta,llation  of  a  sewage  purification  plant  in  the  village  d 
South  ManchestfCr. 


Table  60. — Analyses  of  water  from  Hoekanum  River  at  Windermere^  JWartt 
Manehester,  and  Burnside. 


[Piirt«  per  million.] 
WINDERMERE. 


I 


Year. 


1895 
1896 
1900 


1 

i 
6 

Albuminoid 

0.5 

1.470 

.5 

.913 

.4 

.910 

Nitrogen  as— 



J 

6 

H 

1 

1 

1 

1 

, 

1 

z 

^ 

§ 

& 

1 

0.071 

0.017 

T).160 

4.85 

188.8 

.1 

.070 

.008 

.180 

4.40 

m.B 

,-. 

.073 

.010 

.350 

8.88, 

n.» 

,— 
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Tabl£  60. — Analyses  of  water  from  Hochanum  River  ^  etc, — Continned. 
NORTH  MANCHESTER. 


^ 

Nltroif 

en  a**— 

1 

s 

;j.H7 

4.45 
:i.95 

I 

5 

H 

S2. 1 

78.  a 
75.4 

Year. 

^1 
1 

i 

i 
t 

0.110 
.KM) 
.  240 

1 
1 

im _ 

1896 

0.5 
.5 
.8 

.762 
.752 

0. 124 
.167 

0.(K)H 
.009 
.022 

15 

1900 

BURNSIDE. 

1895 .._ 

0.4 
.4 
.4 

0.802 

1. 156 

.722 

0.172 
.194 
.IHJ} 

0. 025 

.02:^ 

.  025 

0.  l(N) 
.140 
.160 

6.  o:t 
5.61 
4.  <V) 

98. 0 
81.4 
80.7 

;c 

1896...                 

1900 

•      . 

PAF 

LK   RIVI 

2R. 

Park  River  is  a  small  Htreain  entering  tin*  Conneetieiit  from  the 
west  In  its  drainage  area  are  the  eities  of  New  Britain  and  a  i)art 
of  Hartford.  ^Fhe  flow  is  small,  au<l,  as  there*  is  a  lar^e  amount  of 
sewage  brought  into  the  river,  it  is  probably  the  fouh^st  st  ream  in  the 
Stale  of  C^nnecticnt.  The  reiwrt  of  the  State  Boani  of  Health  made* 
in  1895  contains  the  following  comments: 

The  resalt  of  the  analyHes  at  New  Brit^iin  indicate  tliat  at  times  during  the 
wnnmer  the  water  of  the  stream  contained  as  muc.-h  as  four-fifths  of  its  volume 
of  sewage.  Between  New  Britiiin  and  section  No.  2,  at  Newin^on  Junction, 
there  is  practically  no  sewage  addition.  From  tlie  r(^sp(?ctive  aretis  of  the  water- 
sheds the  volume  of  the  stream  at  Newinffton  should  1k»  about  five  times  what  it 
is  at  New  Britain,  but  that  the  dilution  must  l>e  less  than  this  is  at  once  apparent 
when  it  is  considered  that  the  groaU»r  part  of  the  flow  nt  station  No.  I  is  sewage 
Jtod  comes  from  other  watersheds,  from  whicli  tin*  water  supply  is  drawn.  A 
letter  means  of  measuring  dilution  is  by  the  comi>arison  of  the  amounts  of  chlo- 
rine at  the  two  stations,  for  this  (U)nstituent  is  not  removed  from  tlie  stream  after 
once  having  been  introduced,  either  by  preci])itation  or  by  ihk^  acts  of  livinj;  organ- 
'snw.  Since  the  normal  chlorine  of  the  region  is  alvmt  2.  th<»re  would  In?  two 
parts  of  chlorine  per  million  in  the  water  of  dilution  addwl  lietween  New  Britain 
*n(l  Newington,  and,  since  the  average  amount  of  chlorine  at  tlie  two  stati(ms  is 
^•land  15.1.  respectively,  it  is  ea.sy  to  calculate  that  the  dilution  at  Newington 
Jimction  is  2.4. 

The  average  amount  of  nitrogen  of  free  ammonia  at  New  Britain  was  J^.04.  A 
^tion  to  the  extent  indicated  alwve  would  reduce  the  nitrogen  of  free  ammonia  at 
Newington  Junction  to  1.25,hutthe  amount  actually  found  wiis  2.85,averyconHid- 
^ble  increase.  This,  of  course,  was  due  to  putrefactive  change  occnirring  during 
^  flow  of  8f  miles.  That  the  changes  occurring  during  this  courw*  were  ]mtrt»f  ac- 
tive and  not  oxidizing  in  character  is  shown,  not  aVone  \i^'  Wi<ft  Vwe;t«a»fe  vsl  V«fe 
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ammonia,  bat  also  by  the  figures  for  nitrites  and  nitrates,  which  show  no  incretK, 
bnt,  on  the  cjontrary,  a  slight  relative  diminution. 

A  similar  calculation  for  the  nitrogen  of  organic  matter  in  8usx>ension  shon 
that  there  was  a  decrease  of  about  30  per  cent,  due,  doubtless,  chiefly  to  sediment!' 
tion.  The  decrease  of  nitrogen  of  organic  matter  in  solution  was  somewhat  man 
than  the  increase  of  nitrogen  of  free  ammonia.  In  flowing  through  the  conneof 
3|  miles,  therefore,  there  was  some  purification  by  sedimentation,  but  apparently 
none  by  oxidation,  and  very  little  by  precipitation  and  other  means.  The  impror^ 
ment  in  the  stream  at  the  lower  i)oint  is  consequently  due  almost  wholly  to  difah 
tiou  with  clean  water  from  the  watershed  between  the  two  stations. 

Below  Newington  Junction  there  is  a  large  increase  in  the  flow,  the  relattrc 
wat^'rshecLs  l)eing  as  1  to  5.6.  There  is  little  direct  contamination  until  the  sewen 
of  Hartford  are  reache<l.  There  are  several  of  these  in  the  last  mile  al)Ove  statioD 
No.  3  in  Hartford.  The  contamination  effected  by  their  discharge  is  so  great  tint, 
althongli  there  is  a  dilution  of  nearly  sixfold,  the  water  in  the  stream  at  this  point 
is  al)out  in  the  siiiue  condition  as  at  Newington  Junction;  indeed,  in  respect  to  tba 
organic  matter  tlu^  contamination  is  greater  in  Hartford. 

Analyses  of  th<»  water  of  this  river  were  made  by  the  Connecticut 
State  Hoanl  of  Ih^alth  in  the  years  1805,  1897,  and  1800  at  New 
liritain,  Newin^on,  and  Hartford,  and  the  average  of  the  results  for 
eaeli  year  are  set  forth  in  Table  ^H. 

Tablk  01. — A^tnlt/sea  o/  water  from  Pi'iirrH  Brmtk  and  Park  River. 

[  PartH  iMT  luillioD.  ] 
NEW  BRITAIN. 


i 


Datoof  <"nlh»««tion. 


f- 

ii 

.25 

j 

SB 

^  ed 

^ 

< 

1895 
1H07 


18Ur>. 
1H97. 
1H90 


189."). 

1897 

1899. 


Nitrojfon  an — 


6 
S 
Sec 

t 


0.5  '  «.71 

.4  I  7.08 


a.  04 
.'J.  41 


0.7 
.0 

.8 


1.57  I  2.JW 
2.04  I  2.07 
2.52  i  4.42 


HARTFORD. 


5 
§ 


I 

S 


0.390      1.15 
.217  I  1.24 


X 

c 


33.0 
20.2 


I 

u 

h 

290.9 
271.6 


NKWINOTON. 


0.004 

0.37 

15. 1 

100.8 

.004 

.28 

13.2 

1.50.0 

.024 

.09 

10.9 

155.6 

0     3.71 

2.  27 

0.  o:w 

0.19 

13.1 

i;51.9 

6 

5     5.21 

2.17 

.158 

.33 

17.0 

172.2 

6 

4     2.22 

1.22 

.208 

.20 

9.2 

■ 

138.3 

« 
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The  pollution  of  Pii>er8  Brook  by  the  city  of  New  Britain  UhI  to  a  law- 
lit  against  the  city,  the  final  decision  in  which  wjw  rendcrtMl  ])y  the 
ipreme  court  of  errors  of  the  first  judicial  dist  ri<^t  of  the  Stat^t  of  C-on- 
ectieut,  during  the  May  t^rin,  at  Ilartfonl,  in  1S!)7.  The  suit  wjis 
rought  for  injunction  and  daniages  Ijcfo^e  the  suin^rior  court  in  llart- 
>rd  County  by  Patrick  Nolan,  the  jury  giving  verdict  and  judgment  for 
laintiff  in  ♦2,0(K)  damages.  The  plaintiff  owne<l  a  farm  near  N<^wing- 
monPii>ers  Brook  below  the  city  of  New  Britain,  upon  wliieh  were 
welling  houses  and  other  )>uildings.  The  (complainant  state<l  tliat 
x>m  Octol>erl,  1887,  to  the  date  of  comjdaint,  the  <*ity  liad  <lumpe<l 
cid,  sewage,  and  other  deleterious  niatt-or  into  the  riv(Manddepriv(»d 
im  of  the  use  of  water  for  stock  and  for  domestic*  x)urposes,  and  lie 
ad  lx^en  jiut  to  a  large  exi)ense  ther(d)y,  his  lands  l)eiiig  injured  for 
tfwturage,  his  milk  business  liaving  been  injuriously  affected,  and 
he  ice  crop  upon  the  stream  having  been  nuuh*  valueless. 
The  following  extracts  are  taken  from  the  opinion  rendered  by  tlio 
ourt,  the  same  having  been  handed  down  by  Chief  Justice  Andrews 
G0Conn.,()G8): 

The  ase  of  Piper's  Brook  which  the  (^oiuplaiiiHiit  fharjces  tlmt  the  deft^Tidaiit 
lasmaile,  nuless  there  is  a  lawful  warrant  therefor,  caiiHeH  a  iml)lif  nuisance.  Any- 
hing  not  warranted  by  law,  which  annoys  or  disturl)s  one  in  thouseof  hisprojierty, 
widering  its  ordinary  use  or  occui)ation  i)hy»ically  uncomfortable  to  him,  is  a 
misance.  (Biiltiniore  and  Ohio  Railroad  r.  Fifth  BiiptistChunrli,  108  U.  8.,  :n7.) 
^  *  *  The  test  is  not  the  numlK*r  of  ])ersons  aTmoyed,but  th(?  i)ossil)ility  of 
nmoyance  to  the  public  by  the  invasion  of  its  rights.  *  ♦  *  (Westcott  r.  Mid- 
lleton,  43  N.  J.  E<i.,47S.)  ♦  ♦  ♦  That  it  would  \h*  a  pul)lic  nuisance  to  render 
be  water  of  a  stream  so  impure  that  it  could  not  l)e  used  for  domestic  ])uriM)ses, 
JTfor  the  watt^rlng  of  ciittle,  and  so  tliat  it  ^nvii  off  noxious  and  unliealthy  odors, 
a  hardly  oi>en  to  question  (Chapman  v.  RcK-liester,  1 10  N.  Y.,  27.J) ,  for  the  reitson 
that  these  causes  would  injuriously  affect  every  riparian  owner  along  the  whole 
iwigth  of  the  stream  and  every  i)erson  wlio  lived  near  it.  If  a  municipal  (!f)riK)ration, 
^  the  al)8en(re  t»f  a  legal  right  so  to  do,  causes  sewage  to  i»ollute  a  watercourse, 
•0  the  uw?  of  wliich  a  lower  owner,  through  whose  premis<\s  the  wat<»rcourse  flows, 
s  entitled ,  it  is  guilty  of  a  nuisance  f <  )r  which  damages  may  1  >e  re(  •(  )vered .     *    *    * 

*  *  *  The  second  defense  dei)ends  on  the  act  of  tlie  legislatun^  of  1S73, 
Mentioned  in  the  statement  of  the  case. 

*  *  *  The  said  a<*t  autliorizes  and  points  out  the  steps  to  be  taken  in  order 
^  c««nplete  within  said  city  a  valuable  public  improvement,  to  be  paid  for  by 
hat  siK^ries  of  taxation  known  as  the  assessment  of  damages  and  benefits.  It 
empowers  the  common  council,  **  wh<»nev(!r  in  their  opinion  the  public  health  or 
tewerage  shall  require  such  action,  to  tiike.  oc<-upy,  and  appropriate,  in  such  manner 
fcsthey  shall,  fn)m  time  to  time,  deem  exxx'dient,  any  stream  or  part  of  a  stn^ni, 
ttatnral  or  artificial,  running  in  or  through  said  city,  and  to  straighti»n.deei)en,  or 
lower  the  same,  or  lower  or  remove  any  or  all  walls,  dams,  or  otlier  obstructions 
^the  free  and  healthy  flow  of  such  stream  or  part  of  a  stream,  or  to  enlarge  or 
caiwe  to  be  enlarged  or  lowered,  any  or  all  culverts  which  at  any  season  of  the 
y^&r  cause  the  accumulation  of  stagnant  water  or  interrupt  in  any  manner  the  free 
and  healthy  flow  of  any  part  of  such  stream. ' '  This  is  all  of  tViv^  «yc\.  >n\^q\v  vc:cwdAa 
power  <o  t&e  defendant  to  interfere  with  Pi^wr's  Brwik.    ♦    ♦    * 

^Itbad  been  the  intvnt  of  the  le^dslature,  by  the  act  oi  V>il^i,  \jo  «a>iXioTSaAi 'Oaa 
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commou  conncil  of  tlie  city  of  New  Britain  to  take  or  to  affect  any  lands  outside 
of  the  fity  liinitH,  it  is  certain  that  there  wonld  have  been  in  the  act  pome  pro-  \ 
vision  for  the  ascertainment  of  damages  to  be  paid  to  the  landowner.    The  ri^.] 
of  the  plaintiff  to  have  the  water  of  Filler's  Brook  flow  thropgh  his  land  as  itkj  ^ 
been  accnstoined  to  flow  [i.  e.,  pnre  and  nncontaminatedj  "is  not  an  easement  or  : 
appnrtenance ,  hut  it  is  insejiarably  annexed  to  the  soil.  * '    ( Wads  worth  r.  Tillotsoo, 
15  Conn.,  5J66,  37:J. )     To  deprive  the  plaintiff  of  that  part  of  his  soil  for  the ym- 
poses  named  in  that  acrt  wonld  l>e  the  taking  of  private  property  for  public  use,  and 
the  plaintiff  would  be  entitled  to  have  just  compensation. 

The  procedure  of  the  trial  court  was  sustained  and  the  awani 
aflirmed. 

FARMINGTON  RIVER. 

Farmiugton  Riv(»r  is  an  important  stream  which  rises  in  Berkshire 
C-ounly,  Mass.,  and,  after  a  peculiar  and  erratic  course,  enters  Con- 
nect icut  Riv(»r  from  t  he  west  about  5  miles  above  the  city  of  Hartford. 
It  is  a  notable  power  stream,  having  a  fall  of  about  1,2()0  feet,  a  mean 
dis<»haige  at  the  m<nith  of  the  river  of  about  044  cubic  feet  per 
second,  and  a  maximum  discharge  of  nearly  25,(KX). 

Tlie  surfa<*e  of  the  Farmington  River  Basin  is  hilly,  the  uxdandsare 
well  wooded,  and  the  valleys  extensively  cleared  for  farming  purpo6e& 
Th<M-<»  an*  many  i)onds  in  the  basin,  and  these,  with  the  surface  waters,  | 
maintain  a  fairly  steady  flow  during  the  dry  seasons.     Indeed,  it  has  j 
b(M»n  claimed  that  the  development  of  water  storage  on  this  river  has  j 
pract  ically  reached  its  height. 

N(»  exaniinations  of  wat^r  of  tlu»  Farmington  River  ai'e  available. 
Although  there  are  a  numlwr  of  thriving  manufai*turing  villages 
along  its  <*oui'sc,  there  are  no  important  towns  in  the  biisin;  there- 
fore pollution  can  not  be  sufficiently  ext-ensive  to  greatly  damage  the 
river. 

CONNECTICUT  RIVER. 

Analyses  of  the  water  of  Connecticut  River  at  Northfield  Farms, 
in  the  northern  part  of  Massachusetts,  just  below  the  State  line,  show 
that  the  pollution  which  enters  from  the  States  of  Vermont  and  New 
Hampshire  has  very  little  effect  on  the  apparent  composition  of  the 
water.  In<le<*d,  such  is  the  dilution  of  the  sewage  poured  into  the 
riv(»r  north  of  the  Massachusetts  line  that  the  chlorine  in  the  water 
at  Northfield  is  nearly  normal.  In  the  Connecticut  Valley  in  New 
Hampshire  and  Vermont  there  are  only  a  few  important  towns,  and 
these*  are  probably  not  completely  sew^ered,  if  at  all.  Brattleboro  and 
Bellows  Falls  in  Vermont,  with  populations  of  5,297  and  4,377,  respect 
tivel}',  are  the  only  places  in  that  State  from  which  there  is  likely  to 
arise  anj'  appreciable  pollution.  In  New  Hampshire,  the  city  of  Keene 
drains  into  the  Connecticut  by  way  of  the  Ashuelot,  and  the  town  of 
Claremcmt  is  situated  directly  ui)on  the  river.  These  places  have 
populations  of  f),l()5  and  0,408,  respeeUvi^VY. 
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Tabljc  82. — Analyses  of  water  from  Connecticut  Riv^er  at  North  field  Farms. 

[P»rt8  per  million.  ] 


• 

fttft  of  colle>ction. 

Turbidity. 

1 

1900. 

dyl8 

Slight 

2.8 

ngost  20 

Very  slight. . 

3.0 

ptember  17... 

do 

2.4 

?tober  15 

do 

8.3 

Slight 

0.8 

Kemberl? 

Very  slight.- 

2.4 

Average.  - 

4.3 

1 

II 


0. 156 
.142 
.114 
.  270 
.270 
.148 

.183 


Nitrogen  t 


0.012 
.006 
.000 
.  045 
.044 
.  024 


0.(M)1 
.003 
.000 
.000 
.001 
.006 


.023  ,  .002 


O.CMK) 
.040 
.010 
.  050 
.  050 
.HM) 

.  057 


0.6 

.8 
1.1 

.H 
1.0 
1.1 


\& 


I 


m.  5 

60. 5 
71.0 
62.  5 
57.5 
60.  5 


.  0  '  62.  1 


30 
33 
38 
22 
21 
30 

29 


The  available  analyses  of  the  river's  water  next  Inflow  Northfield 
Arms  were  made  at  Turners  Falls,  in  the  town  of  Monta^iKN  from 
J87  to  1889.  Although,  under  ordinary  eircuinstanees,  a  series  of 
nalyses  made  at  such  an  early  date  would  not  be  applicable  to  the 
resent  conditions,  the  changes  in  the  poi^ulatioii  above  this  point 
ive  not  been  sufficient  to  materially  alter  the  eondition  of  the  river, 
he  average  of  21  analyses  is  set  forth  in  Table  <>3. 

IBUC  63. — Average  of  twenty-one  a ualysva  of  water  from  Connect icnf  Jiirrr  at 

Turners  Falls. 
[Parts  jKT  million.  ] 


Color. 

Turbidity. 

Albumi- 
noid am- 
monia. 

Kght 

3.0 

0.  140 

Nitr<>|f«*n  iis^- 


I 


F>t*e  Hiii- 


Nitriti'H. 


'  ('hl(  .rim- 


Nit  ratoH. 


Total 
residno. 


0.  140:     (K025        (K(M)3        0. 123|         1.0  63.8 


The  report  of  the  Massachusetts  State  Board  of  llealtii  for  18IM.I 
ives  a  significant  analysis  of  the  water  of  the  C'onneetieut  River 
pposite  Northampton  as  follows: 

Table  64. — Analysts  of  tea ter  from  ( Unmeet ient  Hirer  at  yorthampton. 
[PartH  i)er  uiillioii.] 


Turbidity. 


^erydight. 


Color. 


Albumi- 
noid am- 
monia. 


I 
3.0  I    0.  ZyZ 


Nitrogen  as- 
Free  am- 1 


monia. 


'  Nitrit4«. 


O.OIH        0.(V0\ 


Nitrate*. 


(Jhlo- 
rine. 


Total 
reHi- 
due. 


Hard- 
nc«H. 


0.0*AVi\    ^.^W.X^ 


'^iSi 
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Continuing  downstream  we  find  that  the  next  available  analyses 
are  those  made  by  the  State  Board  of  Health  of  water  taken  from 
Connecticut  River  at  a  point  below  Springfield.  Here  are  the  first 
prominent  indications  of  pollution  shown  by  analytical  methods. 
Above  this  point  there  are  Chicopee,  Westfield,  and  Millers  rivers, 
which  are,  as  has  been  already  stated,  in  a  polluted  condition.  On 
the  main  river  there  are  the  cities  of  Northampton,  Springfield,  and 
Holyoke,  as  well  as  smaller  towns,  all  of  which  contribute  a  large 
measure  of  pollution.  It  is  not  surprising  then,  that  by  the  time  the 
river  reaches  this  point  below  Springfield  it  should  betray  by  chem- 
ical analyses  the  abuse  which  it  has  suffere<l. 

Table  65. — Analysin  of  water  from  Coiniecticiit  Rit^er  below  Sprinn/ieM. 

[Parti*  jHT  inillion.] 


I 


Date  of  collection. 


Turbidity. 


1900. 

July  17. Very  Hlight . 

August  IS Slight. 

September  l.s. .  i  Decided  - 

Oct<)l)er  IH Very  slight  . 

November  21.    _    Decided    ... 


NitroK«n  i 


II 

li 


2.r)  0.184 
.4     .148 

2.9      .280 

.1  I  .268 

,2  [  .'MH 

DecemlHT  29  .     '  Slight 2. 0     .  152 


6 

a 


'I 


0.113 
.113 
.  156 
.064 
.048 
.006 


0.003 
.003 
.004 
.003 
.002 
.001 


Avemge  J i     4.1      . 2:{;J  i  .083 


0.010 
.030 
.040 
.030 
.080 
.090 


.(K)3  I  .04:} 


1.7 
1.6 
2. 9 
1.7 
2.0 
1.8 


1.9 


61.0 
61.5 
78.5 
66.0 
65.0 
49.0 


6:^.5 


Crossing  over  into  the  State  of  Coniiecti<*ut,  the  river  receives  other 
and  exlensivt?  i)ollutioii.  The  Farniington,  Ilockanuni,  Salmon,  and 
other  tributaries  have  already  been  discussed.  On  the  main  river  art 
Ilartfonl  and  Middletown,  as  well  as  numerous  otlier  smaller  centers, 
whicdi  materially  increase  t  he  amount  of  pollution.  In  the  years  181K), 
181):],  181)4,  and  181)1),  the  State  Board  of  Health  of  Connecticut  made 
examinations  of  the  water  of  the  river  at  three  points,  viz:  Warehouse 
Point,  Rocky  Hill,  and  (roodspeed  Landing.  Analyses  made  at  these 
points  are  well  adapted  to  show  the  eiTects  of  the  contribution  by 
various  towns  of  new  contamination  to  the  already  |>olluted  river. 
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J. — A^nalyses  of  water  from  Connecticut  River  at  Warehouse  Point, 
Rocky  Hill,  andOoodspeed  Landing. 

[Parts  iier  million.] 
WAREHOUSE  POINT. 


Color. 

Nitroffen  an- 

Nitrat<»8. 

i 
1 

Total  residue,  j 

1 

ar. 

Albumi- 
noid am- 
monia. 

^i^-r- Nu.-i.«.. 

3 
3 

0.126 
.116 

o.o;^4 

.086 

0. 002 
"much'* 

0.12 

1.23 
1.85 

1 

144.3 
1  60.5 

^\S 

3 

.192 

.064 

.  005 

.06 

2. 58 

'  76.5 

44 

2 

.UiO 

.048 

.  002 

,         .  15 

2.70 

1  77.:-, 

30 

r(x:ky  hill. 

3 

1 
0.135        Ojm       0.002 

0.11 

1.28 

44.6 

25 

. 

3 

.112 

.054          .010 

.10 

1.75 

fJ6.  5 

-  -  - . 

3 
3 

.156 

.102            (XMJ 

.30 
.IH 

3.  50 
2.  70 

73.5 
73. 5 

48 

.164  :       .0<$8          .008 

32 

GOOD8PEE1)  LANDING. 

3 

0.  i;30       0.036       o.ooi 

0.  13 

1.36 

45. 0 

25 

3 
o 

3 

.110  :       .044  '       .005 
.182  1       .064  '       .004 
.  244  I       .  066  1       .  iH)H 

.08 
.08 
.20 

1.81 
3.04 
3.  20 

65.5 
73.0 

73.0 

1 

44 

32 

. 

is  little  to  add  c<)ncer!iin«^  th(^  Connecticut  Kiver  and  its 
i  to  the  various  interests  whicli  have  claims  upon  it.  There 
«on  why  this  stream  couhl  not  be  kept  in  a  con<lition  that 
►e  acceptable  to  all  concerned,  lender  the  present  condi- 
►wever,  much  of  its  value  is  lost.  The  river  comes  down  to 
Uichusetts  line  practically  uninjured,  but  in  its  course  through 
usetts  it  is  ro])])ed  of  its  ^  alues  as  a  source  of  water  supply 
ice.  Under  the  present  policy  of  the  State  authorities  the 
a  of  the  river  is  not  Iik(»ly  to  grow  worse,  but,  on  the  contrary, 
loubt  Ix)  improved,  so  that  we  can  look  forward  with  confi- 

the  removal  of  the  dangerous  wastes  which  are  now  poured 
Connecticut  system  in  Massachusetts.  In  C'tmnectieut  the 
i  great  values  as  a  soui'c(^  of  power,  as  a  means  of  navigation, 

park  nucleus,  but  the  remainder  of  its  normal  values  have 
itroyed. 

,R  79— ();j 7 
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nOUHATONlC  RIVER. 

NATURAL  RESOURCES. 

Course. — The  Uousatoiiie  is  an  important  stream  flowing  through  the 
extreme  southwestern  part  of  New  England.  It  has  its  origin  in  the  oeoK 
tral  part  of  Berkshire  County,  Mass.,  being  formed  by  the  confluenoe' 
of  East  and  West  branches,  which  unite  at  Pittsfield.  From  Pitte* 
field  it  flows  southward  in  a  somewhat  tortuous  course,  imssing  into 
Connecticut  through  Litchfiehl  County,  and  still  farther  south  form* 
ing  the  boundary  between  New  Haven  and  Fairfield  counties,  finally 
emptying  into  Long  Island  Sound  near  Bridgeport.     (See  fig.  11.) 

Draina<je  basin. — The  area  drained  by  Housatonic  River  comprises 
1,033  square  miles,  of  which  503  are  in  Massachusetts.  The  river  ui 
its  winding  course  tmverses  about  125  miles.  The  East  Branch,  whidi 
has  a  drainage  area  of  70  square  miles,  rises  not  far  from  Pittsfield, 
and  flows  by  an  extremely  circuitous  route  through  the  manufactaring 
settlements  of  Hinsdale  and  Dalton,  finally  joining  West  Branch  soatk 
of  Pittsfield.  The  West  Branch  is  formed  by  the  overflow  of  Onote* 
and  Pontoosuc  lakes,  in  Pittsfield,  and  flows  in  a  southerly  direction, 
draining  an  area  of  59  square  miles.  One  of  the  principal  braneh€B 
of  West  Branch  is  Southwest  Branch,  which  rises  in  Richmond  Lake 
and  joins  West  Branch  a  short  dista^nce  above  its  confluence  with 
East  Branch. 

Fall. — The  fall  of  the  river  between  Pittsfield  and  Long  Island 
Sound  amounts  to  about  1,000  feet.  It  is  distributed  along  gravelly 
shoals,  with  intervening  stretches  of  quiet  water.  There  are  falls  Hi 
New  Milford,  Bulls  Bridge,  and  Falls  Village. 

Table  67. — Table  ahowing  fall  in  Hotutatanic  River. 


Locality. 


DiHtance      Elevation  ;      Fall  be 
above  a)»ove      '      tween 

mouth.  mouth.  points. 


PittHfield,  Ma88 

Ashley  Falls,  Mass. . : 

Falls  Village,  Conn 

1.8  miles  above  Cornwall 

Bridge 

Mouth  of  Shepang  River. . 
Birmingham 


MiU-H. 

fWt. 

12i^ 

{m 

m 

705 

72i 

622 

64 

457 

m 

105 

11 

1 

1 

fWt. 


mi 

165 
352 
105 


I>iHtAni*e 
between 
pointM. 


Mile*. 

50.5 

8.5 
43.5 
18.5 


Average  fiB 
I     per  mile 
between 
points. 


fWt. 


7.15 

19.41 

10.30 

5.68 


The  drainage  area  is  hilly  and  even  mountainous,  the  uplands  are 
fairly  well  wooded,  and  the  valleys  are  wide,  with  alluvial  meadows. 
The  falls  in  the  river  ai'e  over  ledges  of  limestone  and  granite,  and 
fairly  good  building  marble  is  quarried.     A  small  amount  of  iron  ore 

IS  mined.    There  is  also  easily  avaWaVA^;^  ^>XT^  c^xiartai  sand  which  has 

become  famous  in  the  glft^  lU^ustxy. 
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The  country  is  proB- 
erous,  and  the  power 
icilitie^  liave  attracted 
skilled  ela8»  of  arti- 
ADM.  The  principal  in- 
nstries  are  the  manu- 
actnre  of  i>aper  and 
roolen  goods.  The  rail- 
oad  facilitieH  are  very 
;ood. 

Flow.— The  flow  of 
he  river  is  fairly 
steady,  because  of  the 
arge  storage  area, 
irhich  is  partly  natu- 
ral and  partly  of  arti- 
icial  development.  It 
8  probable  that  the  res- 
?nroir  capacity  has  been 
leveloped  to  nearly  its 
full  extent.  The  aji- 
proxiinate  area  of  35 
ponds  and  reserv^oirs  in 
the  basin  is  D,304:  a(*res. 

Tlie  principal  ponds 
aw  Pontoosic  Lake, 
Laneslwro,  Mass.,  313 
acres;  Onota  Lake, 
Litchfield,  Mass.,  555 
acres;  ^Vshiiiere  reser- 
voir, Hinsdale,  Mass., 
310  acres;  Washinee 
Lake,  Salisbury,  Conn., 
400  acres;  Washiniug 
I-akc,  Salisbury,  Conn., 
650  aiM-es;  Wononsco- 
pomiis  Lake,  Salisbury, 
Conn.,  355  acres;  Quas- 
xiapaug  Pond,  Middle- 
bury,  Conn.,  535  acres; 
Ibntam  Lake,  Litch- 
field, Conn.,  1,070  acres; 
l^orth  Pond,  Goshen, 
Conn.,  300  acres. 

There  have  been  no 
gagings  of  the  rjvx*r 
extending  overs  period 
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sufficiently  long  to  determine  it«  flow  with  accuracy.  In  the  yew 
1878  careful  examinations  were  made  from  May  to  November  al 
Kent,  by  the  water  department  of  New  York,  and  the  results  prob- 
ably show  fairly  well  the  summer  flow  of  the  river.  According  to 
these  gagings  the  minimum  flow  for  twenty-four  hours  was  260  cubic 
feet  per  second,  while  the  average  flow  for  the  same  period  amounted 
to  460  cubic  feet  i)er  second. 

Water  power, — After  what  has  already  been  stated  it  is  hardly  nec- 
essary to  say  that  the  river  niay  l)e  valuable  as  a  source  of  power. 
The  total  utiHzed  horsepower  on  the  whole  system  is  about  18,88i 
In  the  main  river  the  utilized  horsei)ower  is  6,434,  and  the  remainder 
is  distributed  among  the  tributaries  as  follows:  Naugatuck  River, 
4,900;  Mad  River,  1,220;  PomiM»raug  River,  361;  Shepaug  River,  695; 
all  other  tributaries,  5,2r>r). 

The  details  of  the  jiower  system  arc^  well  set  forth  in  the  Tenth 
Census  Report  on  Water  Power,  Vol.  XVI. 

NORMAL   W^ATER  IN  THE   HOUSATONIC   BASIN. 

The  limestone  formations  in  the  Housatonic  Hasin  make  the  water 
hard.  In  other  resiHicts  the  normal  Housatonic  wat/cr  does  not 
materially  differ  from  that  in  the  C-onnecticut  Hasin.  The  normal 
chlorine  for  this  region  varies  from  about  0.8  part  per  million  at  the 
upper  end  of  the  area  to  3  parts  near  the  mouth  of  the  river. 

The  following  table  of  analyses  represent>s  tlu^  averages  of  the  resulta 
of  various  examinations  of  water  made  during  the  past  decade. 


Table  68. — Analynes  of  vnrinuH  normal  tvoters  in  the  HoiiHatonit*  drainage  area, 

[PartH  iM^r  million.] 


plarvi    ^  mllartdiiu. 


'ft^rt  Bmiu;h  or  Hnui-m' 

hake  OneotA.Pitt^eld 

Ponlooflti#^  L*ke,  Pitt^ 
Hold. 

EffTpt  Brook.  Dnlton  . 

Clrtwn    Biver,    0  r  «  a  t 

xoir. 
Uinwr  resumiir.  Berk- 
afilr*  W*ter  Co. 

MiUbrnok        reaerTnJrt 
Plttafleld. 

Luke     Averit?,     Stoi'lc^ 
bridge. 

Padaranitun  rtm&rvoir, 
iMnbury. 

Kent  roaporrolr ...... 

Jiewth  Canftszt ,,,.. 

^nu  Brook ..^ 


Turtildity- 


HllgliT . 


Vi*ry  filijsht . 
...Au   ...... 


...dii. 
.,-di». 


d-j.... 

do.... 

d<K.-_ 

do..._ 

dii_... 


.do. 
.do. 
,diK 


^n 


SLR 


Albu^ 

mi  Til  ltd 

nmijiio- 

nifh. 


Dla. 


IM;JK       fKlKK 


K.1 
H.8 

.1 

t 


,1W 

Am 
.m 


.4111 

.fin 
Am 

.(KJfi 
.01- 

AU 

Am 
Am 
.m\ 

.OH 


Ni 
tritm. 


.nm 
.till 

,fMII 

An\ 

.IND 

Jin 

.ooa 
m 


tj 

i 

ii.im 

OS 

^ 

mt 

.5t 

flfijl 

.— 

A%M3 

.4 

n,u 

^ 

^ 

.mr 

,T 

ao,T 

1 

Am 

LO 

atT 

A^T 

.» 

AS16 

,m 

,9' 

oiii 

AU 

1,« 

47.: 

.05 

^  .«i^\     .\SM\     Ai3%  .     .mill     .ua     LUi  lu^fl    ^ 
A   .i  \     .'iflbV     .Wft\     .m.\     .\l  \v'%lt\^tl^I* 
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POLLUTION  IN  THE  HOUSATONIC. 

The  population  in  the  IIouHatonie  Banin  has  in<TeaHe<l  rapidly  dur- 
ng  recent  years,  and  the  eoiise<|iient  pollution  has  Imh^ohio  a  mat  tor  of 
p»ve  consideration. 

The  East  Branch  of  the  Housatonic  recciv<»H  pollution  from  the 
nanufacturing  villages  of  Hinsdale  and  Dalton,  whi<*li  havo  a  popu. 
ation  of  1,485  and  3,014,  respectively.  The  report  of  the  StaUj  Hoard 
>f  Health  for  181K)  gives  analyst's  of  water  collected  lx»low  thcs(»  vil- 
lages which  show  a  considerable  inc^east^  in  the  amount  of  orpinic 
matter  present.  A  comparison  of  the  analys(*s  in  Tabh^  Gi»  with  the 
llret  analysis  presented  in  Table  6S  will  clearly  sliow  indications  of 
sewage  pollution. 

Tablk  69. — Analyses  of  water  from  East  Branch   of  the  Housittonic  alnwe 

Httsjield. 
[Parte  per  million.] 


Date  of  col- 
lerti»jn. 

Turbidity. 

Color. 

1 

,  Albumi- 
noid am 
monia. 

1888. 

Sept.  7  - . . 
Do... 

Slight 

Distinct... 

2.0 
2.0 

'   o.2;w 

.390 

Nitrogtm  rh  - 


Free  am- ; 
mcmia. 


0.  092 
.092 


NitriteM. 


IChlorim*. 


Nitriit«'H. 


I 
0.008  I     0.  180 


I 


.  oo;{ 


200 


1.9 
2. 0 


Total 
rHsidno, 


112 
117.5 


Although  these  analyses  were  made  in  the  year  1.S8S,  the  coiKlitions 
now  existing  in  the  river  compare  very  closely  to  t!ios(»  foun<l  in  the 
year  of  the  analyses.  The  population  in  this  part  of  the  drainage 
area  has  not  increased  materially  an<l  tin*  analys(\s  thcr<»forc  fairly 
represent  existing  conditions. 
Table  70. — Anahfses  of  trater  from  tin' East  linmrh  <>/  the  Jloitsatonir  at 

Pittsjield. 
[Parts  i>er  million.  ] 


I 


I^te  of  collwv 
tion. 


I      Turbidity. 


I 
1900.  ' 

Jane 26 |  Slight... 

Jnly27 1  Decided. 


^ptember  14. 
September  25. 
^tober23-.. 
November  20. 
I^«mber  18 


do 

Very  alight 
Slight. 
Decided . . . 
Slight 


Nitrop'Ti  a«-- 


9  c 

II 


ii 


2.4 
2.2 

4.0 
2.1 


I 


2.4   0.2«4  ,0.  102 
2.2  !  .410  I  .128 

.244 

.412 

.464 

.416 

.324 


.KM) 
.168 
.196 
.060 
.106 


.369      .15» 


\      t  '      t 

'    'A         y. 

0.004  0.  KM) 
.00<)      .070 

.009  ' 

.007  I 

.OOM  ' 

.002  I 

.006  I 


.060 
.100 
.120 
.190  I 
.810 


V 


a 


1.4 
2.6 
3.1 
3.0 
3.9 
2.4 
2.3 


,U^ 


\    ^.^ 


S 

o 
H 


92. 5 
101.5 
122. 5 
126.5 
135.  5 

98.5 
106.5 


56 
70 
87 
91 
97 
63 
79 


\^.X>  \    \^ 
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Table  71.— A  unfytteH  of  tiHiter  fnnn  Went  Branch  of  the  Hotuatonie  at  Pitt^iM^ 

[PartH  per  million.] 


Date  of  collecT- 
tion. 


I 


Turbidity. 


1900. 
June  26    . . 

July 27 [...   -do  . 

September  14  I  Det^ide<l 


September  25. 
October  2:r. 
Noveml)er  20 
December  18 

Average  . 


Slight 1.5 

!  .8 
1.5 
2.0 


do 

do 

_do 

do 


2.1 

.8 


1.4 


Nitrogen  i 


§•3 
1§ 


0.208 
.210 

.4:« 
.452 
3.200 
.410 
.328 


I 


I  I 


.831 


0.084 

0.001 

.004 

.000 

.008 

.000 

.012 

.002 

.970 

.000 

.080 

.003 

.140 

.019 

.209 

.031 

0.010 
.000 
.020 
.010 
.010 
.060 
.090 

.asi 


1.5 
2.4 
2.8 
3.2 
15.6 
2.2 
1.8 


s 

.•n 

1 

J    -: 

1 

1    ' 

76.5 
83.5 
93.5 
104.0 
458.0 
102.0 
103.5 


41 
SI 

« 

m 

00 


4.4  I  155.3  .    61 


Tablk  72. — Analysi'H  of  water  from  Southwcnt  Branch  of  the  HouHatonica 

IHttHfield, 


[Pai 

rtM  i)er  1 

iiillion.] 

Nitrogen  an— 

1 

Date  of  folle*'- 
tion. 

Turbidity. 

C 

II 

1^ 

A 

^          1 

£     1    g 

Nitrates. 

Chlorine. 

1 
1 

S 

0 

1 

1900. 

1 

June  26 

Slight . 

0.9 

0.376 

0.372  '0.016 

0.040 

2.3 

96.5 

61 

July  27 

do 

1.4 

.210 

.100     .004 

.060 

1.2 

137.5 

m 

September  14 

Decrided   

1.3 

.4:^ 

.064     .012 

.020 

1.8 

154.0 

96 

September  25. 

do 

1.2 

.440 

.092    .oa5 

.010 

2.5 

144.0 

U 

October  23 

do 

1.5 

.J564  1  .304  1  .007 

.080 

2.6 

180.5 

133 

November  20 . 

do 

2.0 

.284  1  .180  '  .006 

.340 

2.3 

180.0 

126 

December  18  . 

None  - 

.8 

.072     .036  ,  .002 

.420 

1.8 

116.5 

97 

Average - 

1.3 

.291  1  .166     .007 

.159 

2.0 

144.8 

101 

_^ 

The  analyses  set  forth  in  Tables  70,  71,  and  72  represent  the  ehara<*- 
ter  of  the  wat.er  furnished  to  the  Ilousatonic  River.  It  will  be  seen 
that  every  branch  which  contributes  to  form  the  main  artery  at  Pitts- 
field  is  highly  polluted,  and  therefore  the  Ilousatonic  at  the  very  out- 
set is  a  badly  damaged  stream.  The  West  Branch  seems  to  be  i^ 
the  foulest  condition,  the  East  BraivcYv  e\o«fe\y  following.     Nearly  sfl 
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the  pollution  in  the  West  and  South  went  branches  is  funuHlied  by 
the  city  of  Pittsfield.  The  upper  reiiches  of  thesis  two  ntreanm  n^inain 
in  excellent  condition. 

Pittsfield,  a  city  of  21,766  inhabitantH,  has  a  public  water  supply 
and  a  syHtem  of  sewerage  which  empties  into  the  three  branches  of 
the  river.  During  the  period  in  which  the  analys<»s  in  Tables  70,  71, 
and  72  were  made  a  sewage-purifi(?ation  syst-cun  for  the  <*ity  of  Pitt«- 
field  was  in  course  of  construction,  and  when  this  is  put  into  opera- 
tion a  large  part  of  the  sewage  which  now  enters  the  river  will  l)e  no 
longer  a  source  of  pollution. 

Passing  down  the  river  we  find  that  the  next  available  analyses  of 
Honsatonic  River  water  were  ma<le  from  samples  taken  at  New  Ij<»nox, 
ft  point  about  4  miles  below  Pittsfield.  Tlie  drainage  area  of  the  river 
at  this  point  is  145.6  square  miles,  the  population  l)eing  alxnit  177  jier 
square  mile.  The  following  tiible  comprises  the  average  result  of 
monthly  examinations  of  the  water  at  this  point  sinc<»  the  year  1S!»4: 

Table  73. — Analytfes  of  itater  from  HousKttonic  Riwr  at  Neiv  Lemur. 
[PartH  per  million.] 


Nitr.>g 

'i 

en  as- 

*         1 

1    1 

^        1 

1 
I 

1 
^       1 

a 

i 

1 

Year. 

t 
^           1 

3 

H 

5* 

1 

\m 

2.7       0 

183 

0. 131 

0. 024 

0.204 

2. 5 

131.7 

85 

1885 

2.6' 

2.6  1 

2:^8 
192 

.18:{ 

.109 

.o:w 

.036 

.  1 73 
.208 

2.  r, 

2.2 

117.3 

118.8 

84 

1896 

86 

1897 

3.2  1 

240 

.159 

.008  . 

.203  1 

1.9 

107.9 

75 

1898 

2.7 

223 

.106 

.008 

.178  , 

1.5 

94.0 

64 

1899 

2.0 
2.2 

233 

278 

.197 
.378 

.017  1 
.018 

.  132  , 
.118 

2.3 

2.8 

107.6 
111.7 

74 

1900 

72 

Comparison  of  Table  73  with  the  three  preceding  tables  shows  that 
very  little  change  has  taken  x)lace  in  the  amount  and  character  of  the 
organic  matter  in  the  river  after  it  has  traversed  the  4  miles  above 
mentioned.  The  water  seems  to  be  fairly  loaded  with  polluting 
material  in  every  state  of  oxidation,  and  there  seems  to  be  extremely 
rapid  decomposition  going  on.  There  is  nothing  of  an  unusual  nature 
in  the  above  series.  They  pivsent  and  clearly  indicate  an  abundant 
pollution,  which,  as  we  have  seen,  is  borne  out  by  facts. 

Leaving  New  Lenox  the  river  flows  south  past  the  town  of  Lenox, 
which  has  a  population  of  2,042.  At  this  place  there  is  a  sewerage 
system,  but  it  is  provided  with  a  disposal  plant,  so  that  the  river  does 
not  receive  a  large  increment  of  pollution.     A  few  miles  farther  <lowu 
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the  river  runs  through  the  town  of  Lee,  which  contains  3,956  inhab 
itants.  Considerable  polluting  matter  is  poured  in  at  this  po^ 
Shortly  below  Lee  the  river  makes  a  sharp  turn  eastward  and  fi<ni| 
through  Stockbridge,  a  town  which  has  a  population  of  2,031.  i) 
sewerage  system  is  maintained  at  this  point  and  filter  beds  have  bm 
provided,  so  that  extensive  pollution  of  the  river  is  avoided. 

Table  74. — Analyses  of  water  from  Hoimatonic  River  at  Stockbridge. 
I  Parti*  i>er  million.] 


Date  of  collec- 
tion. 


Turbidity. 


1900. 

Jnne  26 Very  slight  . 

July  31 do 

Angiist  27 '  Decided 

September  26.!  Very  Hlight 

October  23  . do 

November  21 . 1  Decided    . . . 


Nitrogen  as— 


'a 

la 


5 
5 


1.1    0.812   0.284   0.016 


Average 


I 


.8 
1.5 
1.2 
1.5 
.H.  5 

1.6 


.198 
.240 
.192 
.  2H6 
.mi) 


.174 
.  208 
.072 
.22^ 
.208 


I 


014 
026 
012 
018 
007 


0.070 
1  .100 
.022 
.110 
.220 
.210 


Q 

X 

0 


2.9 
2.6 
8.8 
8.9  ' 
4.4  ; 
8.7  ! 


5 

0 


120.5 
171.0 
136.0 
18,5.0 
166.5 
128.5 


260      .195  I   .005      .152  ,     8.5      ViSA 

II 


« 

81 
91 

101 
11' 

8( 


After  leaving  Stockbridge  the  river  again  turns  south  and  flowi 
through  the  town  of  Gn^at  Harrington  which  has  a  population  ol 
5,854  and  which  contributes  a  large  amount  of  pollution. 

The  next  series  of  analyses  made  bj'  the  Massachusetts  Stat-e  Board 
of  Health  is  of  the  water  from  the  river  at  Sheifield,  just  north  of  th« 
Connecticut  State  line.  Tliere  seems  to  be  considerable  improve 
ment  in  the  water  at  this  i>oint  over  that  at  Stockbridge.  The  aver 
age  of  the  six  analyses  of  tlie  wat^sr  from  the  river  made  during  the 
year  1900  is  set  forth  in  the  following  table: 

Table  75. — Average  of  sijr  analysers  of  water  from  Housatonic  Rit^er  at  Sheffield 

[Parta  per  million.] 


Nitroffen  as— 

«M      . 

'V 

~. 

--    _  _ 

ti 

It 

u 

1 

1 

p 
C 

o 
2 

I 

i 
i 

0| 

r 

<* 

fa 

5 

^ 

w 

b* 

m 

^ 

1.6 

0.214 

0. 079 

0.004 

1.93 

2.8 

128.  2 

90 

6 
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The  above  aiverage  of  analyses  clearly  iiidioates  a  fairly  larjrt*  <l«*^n»o 
of  purification  over  that  shown  in  Table  74.  It  will  1m^  sim^ii  that  whih* 
thecolorand  residue  are  practically  the  same,  thefn^MUid  a1hnininoi<] 
mmmunia  and  the  nitrites  are  considerably  less,  whih*  tin*  nitrntcs 
are  higher — an  unmistakable  indication  of  oxidation.  'V\u'  rhUivlw, 
t4X),  seems  to  Ije  in  smaller  proportion,  the  rivor  having  Ixmmi  lai«r<»ly 
dilute<l  by  the  influx  of  pure  water. 

Passincrover  into  the  State  of  Conneeticut  the  lloiisatoiiic  runs  by 
or  throujifh  the  towns  of  Salisbury  and  North  Canaan,  wher<»  tin* 
population  is  almost  entirely  rural,  althou«rh  tlicso  plaeos  an*  rather 
thickly  settled. 

Al  Falls  Village,  a  few  miles  south  of  tho  Massaclmsftts  honl<»r, 
the  Boanl  of  Health  of  the  StAt<»  of  Connecticut  has  <lnrin«,^  \\w  year 
1900  been  securinj^r  samples  of  water  for  analysis  iIm*  n»sults  of  which 
are  set  forth  in  the  foUowinj^  tal)le: 

Table  TO. — AiutlyncH  of  trater  from  HouHtifonir  iiinrat  Falls  ]'illntjr,  Cnnn. 

(PartMiHT  million.  I 


Nitroj^fii  lis 


Dftt«  of  c'xami-  | 


Tnrbidity. 


UKXI.  I 

Jannar>'  20  .  _   '  Slight  _ 

Febniar>'  2*2 . .    Distinct 

34ari'h21....  '  Ver>' slight . 

April  30 I  None 

May  17 I  Slight 

Jnnell    .   .     |.        do    .. 

July  5 I  None 

AugTiHt  14   .     I  Slight 
Septemlipr  12.'.        do 

October  10 !..     .do 

Wemljer  i:^ .,.-.     do 
Dt^-ftinber  10    |..     .do 

Average. . ' 


.5  5 

la 


0.:]  ;o. 

.  2      . 

.2|. 


102  n 
102  : 

ITO 
().S2 
IMS 
174 
112 
lis 
207 
100 
1-lH 

MO ; 


i)4\ 
(M2 
OlS 
010 
070 

000 
02.S 
024 
()20 
()2() 
(M2 
(K54 


I).  002 
.00'2 
.001 
.002 
.  oos 

.00] 

.oo;i 

.(M)2 
.001 
.002 

.(K)2 


;{  '  .  ir,o  '  .o:w     jm 


0.  ir. 

.  10 
.  15 

.0.') 
.0.5 
.10 

.  10 

.18  ' 

.  i:{  ' 

.i:H 

I 

22  ' 

.20  ; 
.i:{  I 


1.7 
l.J» 
1.0 
l.N 
2.  0 

2.1 
•>   " 

2.  0 
2.1 
4.0 

:j.  :{ 

1.0 


71».(»  , 
so.o  I 

00.0 

r.7.0 

02.5  ' 
111.0 
125.  () 

i;n.o 

115.0  I 

145. 5  : 

i:w.5  ! 

106.0 


2.3     io:^() 


00 
70 

;{5 

75 
f>0 
00 
70 

oa 

55 
OH 
5J{ 
50 


Comparison  of  the  abov*^  seritfs  with  that  miwle  of  the  water  at 
^Sheflield,  Mass.,  shows  a  still  furth<»r  i)urification.  In  some  respe<*ts 
the  water  at  Falls  Village  is  eonsiderahly  better  than  at  any  point 
since  it  reeeived  its  first  contamination  at  Pittsfield.  One  <*an  not 
fail  to  be  impressed  with  the  fact  that  th(^  Housatonit*,  has  excellent 
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powers  of  ret*overy,  hihI  it  is  very  likely  that  if  the  sewage  of 
various  towns  along  its  banks  is  submitted  to  proper  treatment 
river  will  approach  nearly  it«  normal  purity. 

The  State  Hoanl  of  Health  of  Connecticut  has  conducted  ai 
series  of  analyses  of  the  water  at  a  point  65  miles  bt^low  the  towii^ 
Falls  Village,  at  the  town  of  Derby,  just  below  where  the  Naugati 
joins  the  river.  In  passing  from  Falls  Village  to  Derby  the  Hoi 
tonic  goes  by  the  towns  of  Sharon,  Cornwall,  Kent,  New  Milfoi^  r 
Bridgowater,  Brookfield,  Roxbury,  Southbury,  Oxford,  Newton,  Mof 
roe,  Seymour,  and  Huntington.  All  these  municipalities  contain  froi 
1,(XX)  U}  3,(M)()  inhabitants,  and  contribute  an  amount  of  contaminatioili 
usual  in  such  (^ases.  In  jwhlition  to  these  towns  there  is  the  cityrf 
Danbur}',  with  a  population  of  10,000,  which  contributes  raw  sewag^ 
in  large  amount.  In  spit.e  of  this  additional  pollution,  howevor,  the; 
analysis  made  at  Derln'  shows  very  little  (change  in  the  characterj 
of  th(»  waticr. 

Tabi.k  77. — Ajuilyses  of  itHiter  from  Hoiauifonie  River  at  Derby, 
[PartM  ]>«r  millinn.] 


I 


Dato  of  collei'tiou. 


1900. 
January  29 . . . 
February  21    . 

Man?h21 

April  2« 

May  17 

June  11  . . .   . . 

July  5 

August  24 

September  1 1 . 
October  10... 
November  4 . . 
December  10  . 


a  s 

SB 


Average 


.a 

.a 

.8 
.3 
.8 


.8 


I 


0. 122 
.lOH 
.128 
.124 
.108 
.100 
.144 
.140 
,144 
.144 
.188 
.1«8 

.186 


6 
S 

2 

1 

1 

i 

2.3 

i 
^              Total  residue. 

o 

1 
i 

0.052 

0.002 

O.IO 

f» 

.040 

.002 

.10 

2.1 

60.0 

40 

.050 

.040 

.15 

1.9 

51.5 

27 

.086 

.002 

.05 

2.3 

75.5 

45 

.060 

.006 

.15 

1.9 

80.5 

70 

.078 

.002 

.15 

2.3 

99.0 

80 

.050 

.002 

.05 

3.4 

108.5 

70 

.040 

.000 

.10 

2.3 

115.5 

57 

.026 

.060 

.05 

2.8 

116.5 

91 

.086 

.001 

.10 

3.6 

116.0 

58 

.016 

.004 

.19 

3.5 

113.5 

86 

.006 

.006 

.20 

1.9 

82.5 

48 

.042 

.008 

.13 

2.44 

91.5 

56 

Below  Derby  the  Ilousatonic  receives  the  polluted  water  of  its  prin- 
cipal tributary,  the  Naugatuck,  and  flows  thence  into  Long  Island 
Sound.  We  have  now  traced  the  river  from  its  source  in  Massachu- 
setts to   it^s  mouth,  and  have  found  that  from  its  headwaters  it  is 
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Ilutecl  to  a  sufficient  extent  tt)  entirely  unlit  it  for  a  souhm*  dC  wat«»r 
pply  unless  the  water  is  filtertHl.  This,  howev(»r,  is  uImmiI  as  far  as 
kuiage  extends.  Althouf^h  considerable  sewa;rr  <mi tors  llio  rivt»r  at 
fferent  points,  such  is  the  dilution  and  siieli  tlio  purifyiiijr  <*apa<'it3' 
at  it  does  not,  except  at  a  few  points,  betray  its  coiitaniination, 
:eept  by  chemical  analyses.  As  it  crosses  from  Massa<*liu.s(»tts  into 
onnecticut  it  is  in  a  condition  which  makes  its  use  l)y  tlio  peopl(»  of 
onnec'ticut  as  a  source  of  water  supply  im|)Ossibl«»  witlioiit  filtration. 
.  is  prol>able  that  the  IIousat(mi<*  River  will  in  tin*  future  bt*  con- 
Aiitly  iniproveil  by  the  removal  of  s<»wage  contamination  tlinni^li  Ihe 
stablishment  of  purific^ition  works  at  the  various  jMiintsof  [)ollution. 

COURT  DECIHIONK  IX  <H)Ts"NK<nMCU  T. 

Tlie  opinion  of  the  supreme  couh.  <if  orronn  of  t  li«»  Stat.«»  of  <  'on  imm*!  1- 
iitin  a  snit  at  law  aii^ainst  the  city  of  Now  l»ritain,  arising  from  \\w 
wllution  of  a  watercourse,  has  alrejwly  been  <*it4Ml.  TIh»  courts  of 
Connecticut  have  taken  no  uncertain  stand  on  the  (|ncstion  of  riv(M' 
)olhition.  In  no  other  State  in  tlie  Union  has  tin're  been  su<*h 
inHjuivocal  judicial  disapproval  of  the  i)ractici»  of  <h»stroyin<r  water 
■esoun'es,  and  as  future  work  alon^  this  line  will  probably  n»s!ilt  in 
^rpqnent  reference  to  the  Conn(M*ticut  cases  it  seems  wise  to  review 
briefly  the  different  decisions  which  liave  Ix'cn  n'lidered. 

Tlie  case  of  Morgan  r.  The  City  of  Danbnry  is  of  intc^rest,  inasiimch 
is  it  involves  a  decision  against  a  <Mty  which  had  provi<led  a  pui'ili<'a- 
tion  plant  for  the  disposal  of  sewage.  The  plaint  ilT,  a  riparian  owihm- 
ind  a  mill  proprietor  on  Still  River,  complain<Ml  in  the  superior  court 
that  thedefendant,  without  making  him  any  com|)ensation  or  atttMnpt- 
in;^to  acquire  any  of  his  rights,  did  discharge  and  was  contiiniing  to 
lischarge  into  that  river  wast<»s,  sewage,  and  other  noxious  snb- 
itances,  and  x)raye<l  for  an  inJnn<'tion  against  tin*  continnanct*  of  that 
)mctice. 

Danbnry  is  a  city  of  20,(KK)  inhabitants,  situat<Ml  on  Still  River,  a 
«niall  sluggish  stream  whi<di  <'nipties  into  tin'  llonsatonic  U',  miles 
^low.  In  lH8t5  a  system  of  sewerag<»  was  const ructe<l  which  emptied 
Hrectly  into  Still  River.  Ry  the  year  1S!K)  the  use  of  the  sewers  had 
nereased  to  such  an  extent  as  to  cause  a  h)cal  nuisan<M».  In  lS!);j  an 
mtfall  sewer  was  completed  which  ecnnlucted  the  sewage  1  mile  below 
h«  city.  During  the  summer  seasons  Still  River  has  scarcely  any 
low,  and  the  Woolf  disinfecting  system  was  installed  in  ISI)4,  for  use 
luring  the  dry  stages  of  tlu»  riven*.  It  consist(»d  of  larg<^  vats  of  brine, 
Voin  which  a  solution  known  as  hyi)erchlorid(^  of  scxlium  was  devel- 
oped by  electric  currents. 

An  injunction  was  grant^Kl  against  further  discharge  of  sewage. 
Vn  appeal  was  taken. 

The  case  was  reviewed  ])y  the  supreme  court  of  errors  in  the  Jan- 
lary  term  in    the  third  judicial   district,   I81m;,  and    following  are 
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extracts  of  the  opinion  of  the  court  handed  down  by  Associate  J 
Baldwin  (67  Conn.,  484): 

The  complaint  alleged  that  the  city  was  disc^harging  waste  matter,  sewage, 
other  noxious,  corrupt,  and  impure  substances  from  its  sewers  so  as  to 
the  river  and  to  cause  much  of  such  disc^harges  to  be  deposited  on  the  pi 
land  and  mill  privilege;  and  that  thereby  he  had  been  largely  deprived  of  ths' 
of  a  valuable  mill  and  mill  privilege,  he  and  his  workmen  injuriously 
noxious  odors,  the  air  in  the  neigh1x)rhoo<l  corrupted  and  poisoned  so  as  toe: 
the  health  of  himself  and  others,  his  milldam  partly  filled  up  with  filth,  the 
of  his  property  greatly  diminished,  and  he  disabled  from  disposing  of  his  land 
building  puriK)8es.    *    *    * 

These  allegations  were  denied,  but  have  been  found  true;  and  there  is 
inconsistent  with  their  truth  in  the  special  finding  of  facts.    *    *    *    It 
proper  that  an  injunction  should  be  so  framed  as  to  protect  the  plaintiff 
every  serious  and  irreparable  injury  which  he  might  suffer  by  the  continuance^ 
the  nuisance,  and  its  terms  are  fully  conformable  to  the  claims  stated  in 
complaint. 

*  *    *    The  supplemental  answer,  setting  up  the  establishment  of  the  W( 
disinfecting  plant,  avers  that  the  discharges  from  the  sewer  have  thereby 
rendered  "  entirely  harmless  and  free  from  any  offensive  qualities,  and  no 
matter  is  i)ermitted  to  empty  from  said  sewer  into  said  stream,  but  the  same 
liquefied  and  clarified  and  the  plaintiff  is  relieved  thereby  of  all  danger  in 
future  from  the  said  sewer."    *    *    *    These  allegations  were  denied,  and 
issues  upcm  them  have  been  found  for  the  plaintiff. 

*  *    *    It  is  not  impossible  that  fluids  discharged  from  the  sewer,  alth( 
colorless,  sterilized,  and  apparently  innoxious,  may  yet  be  such  as,  by  com 
with  other  substances  found  in  the  river,  to  l>ecome  the  occasion  of  decompositioi. 
and  consequent  pollution.    *    *    ♦ 

The  defendant  urges  that  it  should  not  be  made  responsible  for  the  acts  of , 
others,  and  that  if  it«  sewage  is  thoroughly  disinfeirted,  sterilized,  and  purifiefl , 
before  its  discharge  into  the  river,  nothing  further  should  be  required,  evee  ■ 
though,  as  it  flows  down  the  stream,  it  may  Ije  brought  into  contact  with  othar 
substances  in  such  a  way  as  to  work  a  nuisance.  But  the  right  to  deposit  a  thing 
in  any  place  must  always  be  dejiendent.  not  only  on  its  own  nature  but  on  the 
nature  of  the  place  in  question  and  the  uses  to  which  that  has  already  been  put 

In  a  similar  suit,  brought  by  Piatt  Bros.  <fc  Co.,  to  restrain  the  city 
of  Waterbur}'  from  polluting  Naugatuek  River  above  the  complain- 
ant's mill,  the  superior  court  rendered  judgment  for  $500,  and  an 
injunction  was  issued.  Appeal  was  made  by  the  Stat-e  to  the  supreme 
court  of  errors,  and  a  decision  was  handed  down  January  4,  1900,  by 
Associate  Justice  Ilammersley.  This  opinion  deals  so  clearly  and 
admirably  with  that  oft-repeated  contention  of  municipal  authorities 
that  a  city  is  not  liable  for  damages  liecause  of  sewage,  if  it  has  been 
authorized  to  turn  the  same  into  a  stream  by  an  act  of  the  legislature, 
that  a  large  part  of  the  decision  will  be  given  here  (72  Conn.,  531): 

The  main  contention  of  the  defendant  may  be  stated  in  this  way:  The  uae  of 
the  sewers,  under  authority  of  the  legislature,  in  the  manner  described,  is  a  puWic, 
governmental  use;  the  injuries  to  the  plaintiffs  result  from  this  governmental  nae 
and  are  not  direct  but  merely  consequential;  the  victim  of  consequential  injuries 
resulting  from  a  governmental  use  is  entitled  to  no  remedy  unless  one  is  given  by 
statute;  the  defendant's  charter  provides  no  Temftd^  lone  c^iiafin^isaVSaL  voiuriee 
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BEoltiiit;  from  the  use  of  said  sewere:  er^o.  th«'  plniiititT  has  im  PMiicdy.  ainl  its 
lama^e  is  damiiuiii  alxM^ne  injnria. 

The  premises  tis.s«intial  to  this  conclTLsioi*  aiv  niitru**.  A  ;c«»vt'riiiiu'iiijii  us<'  may 
■dadf^ariy  art  which  the  State  may  hiwfully  iMTfnriii  nr  autlinrizi'.  Tln-n-  :in'. 
■■mtrer,  fruveniiiieiital  arts  ti>  whirh  ri-rtiiin  iiniiiiinitii- attarli:  ami  it  is  witli 
ftfare*trii^te«l  iiit-auinK  that  the  phrjise  is  us**d  liy  lh»*  i1<*t'fndaiit.  In  tlii'^  ^»'iis<' 
k giovemiueiital  art  is  t»ue  done  in  imrsiianre  nf  SDinr  duty  IiiiimimmI  liy  tin-  Statr 
■iapers<jii.  individual  or  rori)orat«'.  whirli  duty  is  oni>  iN-rtaiiiiiit;  t«i  tin-  ailiiiiiiis- 
aition  of  ;7iiv<  ninieiit,  and  is  inifKMi'd  a^^  an  al>so1iit4'  <>h1ii;ati<>ii  dm  a  ptTMHi  w)ii» 
woeives  ni»  profit  nr  advantaK**  iH^-uliar  t<»  liinisdf  fmni  its  i-xtMiiiiini.  It  is  thr 
Stite.  exercising  its  p»vernmental  jxtwrr  t}iron;;h  an  at^fiit  whn.  in  tlii--  niatti-r. 
is  the  agent  of  th**  Stat**  and  notliin^  more.  It  is  to  )»«•  ilistini^Misht-d  from  a 
mtge  rla^  of  jcovemniental  arts  whirli  tlie  Stat**,  by  way  of  ;:ra!it  or  s]MMia! 
IKiTilege.  authorizes  ]»ersons  to  iH'rfomi  in  part  for  tln-ir  iM'rs«nial  iM-ni'fit.  Tin* 
inudpal  ininmnities  l>elonKinK  to  a  K*>v«'rnnu'ntal  a<-t.  in  this  rfstri<t«Ml  srnsc. 
*»:  (1)  Fretnloin  from  (lorsonal  n*siH»nsil)ility  for  tin*  (Mmsrqnrnj-rs  of  iln- :irt 
lone.  S«»  lon;^  as  a  lawful  mandate  of  tin-  Stati-  is  faithfully  rxiTutrd.  tin-  air'-nt 
Irtinjf  within  the  srope  of  that  authority  rnjoys  tin-  rxi-mption  from  suit  wliirh 
belongs  the  State.  (2)  Freedom  from  iMTsonal  rr^pMUsihility  for  tin-  n.u'li:;»'nrc 
af  hi>i  sier\''ants.  The  rule  of  respondeat  sui»erior  »1<m's  not  apply.  1  htm  us*-  tin- a;^i*nt 
of  the  State  is  nrit  tin*  suiRTior;  tlu-  rt-al  suiM'Hor  is  tlif  Slate  its.'lf. 

The  defendant  claims  thew  immuniti«'s.  It  may  In-  doul»t«'d  wlirtlur  tin-  u--«-  of 
■ewers  under  the  rhart*'r  of  the  defendant.  f»»r  tin-  colhM-tion  and  «lispo>itinn  of 
nfnw*  helonjidiig  to  its  ritizens.  is  a  K«>vi'rnmrntal  a<t  within  tin-  ditiniti<in  ;,'i\fn. 
The  charter  anthoriz<»d  the  construction  of  sewers  for  that  j»urposi..  Imt  no  abso- 
lute duty  was  imjiosed  uixm  the  city:  action  in  ]»ursuaMe.'  ..f  tlie  authority  was 
atitsf^tion  and  <'4mld  not  hav<»  Ikm^u  enfon-ed  l»y  jiny  j»rocess  of  law  without  fur- 
ther legislation.  While  s»*wersor  drains  for  tlie  dis]M»sitii»n  of  surface  waters e.il- 
le*^ng  in  highways  may  lie  considcreil  as  men'  adjunets  ^,\'  a  hi;;]iway.  partaiJnj^ 
of  itsnaturn  as  a  govemmenbil  uw  (Cone  /•.  Hartford,  'js  Conn..  :U'i;{.  :{:*j).  it  is  «lif- 
ferent  with  sewers  f4»r  the  disjiosition  of  refuse  and  tilth  a<'tumulated  upni  private 
projierty.  Tlie  disposition  of  such  stuff  is  in  ]iart  for  tin'  benefit  of  the  projM-rty 
bolder.  The  city  rex)re.sents.  in  such  re.siwcts.  the  interests  of  its  inhabitants,  and 
is  granted  certain  sjKM'ial  jHJWers.  in  ]iart  for  the  ]»n»moti«.n  of  their  intt-rests 
(Bnmson  r.  Wallingford.  .'i4  (N»nn..  .">!:?.  ."il in.  It  is  well  >ettled  that  then*  is  a 
cl«ir  distinction  lietwecn  those  goveruiui'Utal  duties  imposed  upon  a  ciiy  as  a 
mere  agent  of  government  and  tlios**  governmental  ]»ow«'rs  granted  as  u  jirivilege 
priiiiarily  for  the  pf»rs<^mall>(»nefit  of  its  inhabitants.  -     We  think  it  evident. 

that  the  mere  granting  authority  to  a  city  to  cuustruet.  for  the  c«)nvenien<"e  and 
henefit  of  its  inhabitants,  wwers  adapted  to  carry  off  their  refus*-  matter  t<»  s.)me 
DeighlKiring  stream.  d<x?s  not  necessfirily  make  su<"h  usf  of  the  .sewers  a  gov<»rn- 
mental  ust?  in  the  sense  indicat4*d. 

But  if.  for  the  puqKise  of  this  case,  we  concede  the  defendant's  claim  that  the 
nw  is  a  governmental  usi\  it  is  nevertheless  liable  to  the  ]»laintitT.  The  injury 
(lescril)ed  by  the  comphmit  is  not  a  mere  consiMpiential  damage,  like  that  resulting 
wholly  from  the  lawful  u.s«*  of  onif's  own  ])roi)erty .  or  t  hi-  lawful  exercise  of  govern- 
mental pAver:  it  is  a  direct  apjiropriation  of  well  recognized  iiroperty  rights  within 
the  guarantee  of  the  Constitution— "'  The  proj)erty  of  no  i)tT.son  shall  bt»  t^iken  for 
pnblic  use  \\nthout  just  comix -nsjition  therefor  "  <  Nolan  r.  New  Britain,  sui)ra,p. 
581). and  so  the  defendant's  c^laim  that  its  charter  d<M»s  not  authorize  the  condem- 
oation  of  the  plaintiff's  pnnH'rty  rights  is  imiuaterial.  Uixm  a  careful  examina- 
tion of  the  charter  as  eniu-ted  in  IHTl  (7  Si>ecial  Acts,  -*<Mi)  and  amended  in  l-sSl 
[ft  id.,  233  et  seq..  237).  in  lHs:j  (\)  id.,  k:J0),  and  in  1H84  (9  id.,  im),  and  applying 
;he  mle  which  re<juires  a  law  to  ho  so  construe<i,  if  reasonably  iKNSsible,  as  to 
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give  it  validity,  we  think  the  dty  is  authorized  to  make  compeiuiation  by  agiW'H 
uieiit  or  after  appraisal,  for  any  private  property  taken  for  the  purpose  of  Urn 
maintenance  and  nae  of  the  sewers  authorized.    But  if  it  were  otherwise,  tiia 
defendant  would  not  be  benefited.     Its  whole  defense  of  acting  under  lawfnlSftirtl  .  1 
authority  would  then  fail,  and  the  mere  finding  of  the  facts  alleged  in  the  OQBh    ^ 
plaint  would  clearly  supiwrt  the  judgment. 

The  defendant's  brief  presents  ii«  claim  in  a  form  somewhat  different  from  tint 
stated  in  the  finding,  and  certainly  novel  in  this  State.  It  is  substantially  this 
( I )  A  riitarian  city  has  a  right  to  use  the  river  for  certain  drainage,  and  such  boi>- 
fiice  drainage  ntHMiHsarily  |X)llutes  the  water  to  some  extent,  increasing  with  tfas 
growth  <  »f  the  city.  ( 2 )  Tlie  use  of  these  legitimate  drains  to  carry  off  the  noxiooi 
refuse  accumulated  by  its  inhalntants  becomes  in  time  an  absolute  necessity.  (3) 
The  right  of  surfju^e  drainage  is  thereby  enlarged  so  as  to  include  the  right  to 
dischiirge  into  the  river,  by  means  of  these  drains,  such  noxious  refuse.  Then- 
fore  the  necessities  of  municiiwil  growth  give  the  city  a  right  to  convey  these  nox- 
ious sulistan(>es  to  tlie  prox)erty  of  downstream  proprietors,  and  so  to  appropriite 
that  i)roperty  for  public  use  without  comi)ensation. 

It  is  unnecessary  now  to  discuss  the  limitations  to  the  right  of  surface  drainage. 
for  the  second  and  third  propositions  are  clearly  wrong.  The  right  to  pour  into  the 
river  surfac*e  drainage  does  not  include  the  right  to  mix  with  that  drainage  dok* 
ions  substances  in  such  quantities  that  the  river  can  not  dilute  them  nor  safely  cany 
them  off  without  injury  to  the  projHjrty  of  others.  The  latter  act  is,  in  effect,  an 
appropriation  of  the  1>ed  of  the  river  as  an  oi)en  sewer,  and  the  proposition  that  it 
may  iHH^ome  lawful  by  reason  of  necessity  is  inconsistent  with  undoubted  axiomfl 
of  jurisiimdence.  The  api)ropriation  of  the  river  to  carry  such  substances  to  the 
projierty  of  another  is  an  invasion  of  his  right  of  property.  When  done  for  a 
private  purpose  it  is  an  unjustifiable  wrong.  When  done  for  a  public  pnrpoeeit 
maylHH^'ome  justifiable,  but  only  upon  payment  of  compensation  for  the  property 
thus  taken.  Public  necessity  may  justify  the  taking,  but  can  not  justify  the  tak- 
ing without  conii)eusation.  It  may  be  nec-essary  for  a  city  to  thus  mix  with  iti 
druiuage  such  substances,  but  it  is  not  necessary  to  pour  such  mixture  into  the 
river  \^nthout  purification:  indeed,  the  purification  is  coming  to  be  recognized  u 
a  ne<.*essity.  But  however  great  the  necessity  may  be,  it  can  have  no  effect  on  the 
right  to  comi)ensation  for  projierty  taken.  The  mandate  of  the  Constitntion  is 
intended  to  express  a  universally  accepted  principle  of  justice,  and  should  receive 
a  construction  in  ac<'ordance  with  that  principle,  broad  enough  to  enable  the  conrt 
to  i>rot4jct  every  i)erson  in  the  rights  of  projwrty  thus  secured  by  fundamental  law. 

Tlicrc  are  certain  apparent,  but  not  real,  ex(^eptions  to  this  protection.  Emer* 
grncios  may  be  such  as  to  justify  the  tiiking  of  property  without  waiting  to  pro- 
vide for  comiH'nsatioTi ;  property  may  lie  destroyed  without  compensation  in 
certain  cast?s  when  used  unlawfully,  or  when  it  has  liecome  a  thing  of  danger. 
But  this  is  not  a  case  of  war  or  cronfiagration.  The  plaintiff  has  not  so  used  its 
projHirty  as  to  subjtvt  it  to  the  harsh  police  i>ower  of  confiscation.  The  plaintiff 
has  certiiin  rights  as  a  riparian  landowner.  These  rights  are  property  within  the 
meaning  of  our  constitutional  guaranty,  and  an  invasion  of  these  rights  such  as 
the  defendant  htis  nuule  is  a  taking  of  that  property.  The  legislature  has  no 
IK)wer  U)  authorize  such  taking  except  for  public  use,  and  then  only  upon  providing 
for  just  compensiition.  (Kellogg  v.  New  Britain,  62  Conn.,  233,  239;  Wadsworth 
V,  Tillotson,  15  id..  36G,  iil'S;  Harding  v.  Stamford  Water  Co.,  41  id.,  87,  03;  Ndan 
v.  New  Britain,  69  id.,  66H,  681;  Fisk  t'.  Hartford,  70  Conn.,  720,  781;  Seifert  r. 
Brooklyn,  101  N.  Y.,  186;  Chapman  r.  Rwhester,  110  id.,  278,  277.) 

An  action  for  fonling  a  brook  and  mill  iirivilege  by  the  discharge 

of  8(*wa^%  with  a  claim  for  danvages  and  an  injunction  against  the 

wn  of  New  MiJford,  was  brougl[i\.  by  3oe«>i8lVi^,\^^\a«\L^\ixaL.\si\fcft 
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mperior  court  iu  Litchfield  County,  ami  on  trial  by  tin*  rourt  (Slniin- 
vay,  J.)  All  disjunction  was  rofu^M*(l  and  jud^nu^nt   was  rfiMh'iM-il  f.n- 
lie  plaintiff  fur  ^50  damages.     An  apiN^al  was  takni  by  1  1h*  (Ipfrihlaiit 
Sor allejJTed  crroi-s  in  the  rulinij^s  of  the  court.     No  frror. 
The  finding  statwl  thos^f  facts: 

The  plaintiflfrt'  land  is  Hituatod  on  Great  BnH»k.  in  Ni«w  Milf^nl.  Tlun-  jin-  im 
anUdlBgs  on  it.  To  use  it  for  hiiil<linKH  w'oiiM  n-ijuin'  sonif  pn-vioiis  fill  in  u'  «»ii  a 
JMrtnf  it.  It  haH  ]>ei*n  Urte<l  for  piwtura^e,  and  jKirtly  fnr  rnltivatinn.  Imt  yii-Ms 
aow little  incoiue.  Tlie  annnal  rental  value  issT."*.  and  has  nut  Ih-iti  sul»^tantially 
■ffected  hy  the  fouliug  of  the  br*M»k.  Tho  cinirt,  at  tin-  riMiiust  t»f  tin-  iKirti.s. 
riewed  the  premiw»s,  in  the  nnnimer,  whm  \hv  wat«'r  was  lnw.  an<l  saw  mh  tin- 
Dargin  of  the  hnxjk  a  Kediment  Kivinjf  off  iwlors  «»f  untn-fyin;;  >*waL'«-,  nnwlinlf 
iomeaud  offensive,  and  alno  nnditttv^lvcd  mnstitm'nts  of  h«»us«'  -«-wa^'«'  lyinu'  "M 
tbti  gmiind. offensive  to  the  Hi^ht.  At  tinies  of  lii;ch  wati-r  Mii  h  r«ni<liiion>.  wmil.! 
Dotexi^t. 

Since  1H70  the  sewage  from  the  tow^l  hall  had  ]htm  «li}^-har;^»'<l  thn)u;;li  a  «IraiM 
Qonstinrteil  by  a  village  iinpn>veuient  aHSfK-iation  into  (in-at  l^nMtk  alMivi-  tin- 
pliintiffH*  land.  In  189JJ  all  the  Hch<M)l  districts  in  thf  town  wm?  «MinM)lidat»'<l. 
and  the  town  t<x)k  charge  of  the  public  sch»H)lhons«'>  tlu-n  rn-ctiMl.  ( )n»'  ni'  tlu>«* 
then  discharged  its  sewage  inttj  Great  Brook,  and  has  fviT  sim-c 

The  plaintiffs  lived  seven  miles  from  their  lan<l  in  «in<'>tion.  Tin-  wat<rs  nf  ilii- 
hrouk.  where  it  runs  through  it.  are  |H»tablt»  l>y  <-attl»'.  and  tlnn-  an-  tnnit  in  ii. 
This  water  privilege  has  no  value  in  its  pn-sfnt  <-onditinn. 

In  IWKJ  the  defendant  extende<l  certjiin  hvwits  tlimuu'li  tli»*  plaintilTs"  land  and 
into  the  brri«)k  thereon,  and  has  since  maintained  tin*  sanii-.  Tln'si-  s«tv«-  t*'  rarry 
oflf  the  surface  water  from  the  streets,  and  also  lionse  si-wa^e.  Varinns  1u)u.n<'s 
havelieen  connecrted  with  them  for  the  dis<-lmrK<"  <»f  th»-ir  M'wa^e  into  Ihi'in.  with 
the  knowledge  of  the  selectmen. 

The  town,  by  its  use  of  .the  brcH)k  as  a  means  nt'  p-ttin^crid  of  tin-  si-wa;;**  t'mni 
the  town  hall  and  schof>lhouse,  luis.  in  conn<Mtion  with  its  usi-  by  ritizens  fi^r  car- 
rying off  sewage  from  their  houses,  caused  tlie  state  of  tliini^s  view»'d  ])y  the 
court.  The  damage  thus  caused  is  not  irrei)aral)le,  hut  an  injunction  would  Iw 
a pn>i>er  remedy  to  prevent  multiplicity  of  suits.  <hould  the  town  continue  sueli 
naeof  the  plaintiffs' premises  for  an  unreasonaMe  l«*nj;ih  of  time  liereaft«'r.  It 
waHnot  found  that  the  nuisance  had  prevented  them  from  ell'ectin^^  a  side  of  tho 
property. 

The  case  was  reviewed  by  tlie  supreme  court  (d'  4M'n>rs  in  th<'  Jan- 
uary term,  in  the  fii-Hl  judicial  district,  I'.hh),  and  the  followin«j:  i'Xtract. 
is  from  the  decision  band(Ml  (b)wn  January  1*.»,  IIhh),  by  Associate'  Ju>- 
tirr  Hablwin  (72  Conn.,  501): 

A  nuisance  was  create<l  uikhi  the  plaintiffs'  land  hy  the  dejM)sit  of  sewa^re  and 
Hpfliment  from  sewage,  offensive  from  its  appearance  or  its  sin<'ll.  Tlie  use  of  tin? 
wwers  which  receive  the  surface  drainaj^e  from  hi^^lnvays,  and  of  tliat  imilt  by 
the  village  improvement  asscniation,  by  th(»  defendant,  to  carry  off  tln^  sewaj^e 
from  its  public  buildings,  contrihute<l  to  this  injury.  That  others  also  contrib- 
nted  to  it,  and  i>erhaps  more  largely,  did  not  roliev*)  the  town  from  liability. 
(Morgan  v.  Danbury,  07  (.'oun.,  484,  4JM).) 

That  the  plaintiffs  suffered  no  i^rsonal  inconvenience  from  the  nuisance.  l>ecaus<^ 
they  did  not  reside  in  the  vicinity,  is  inmiaterial.  They  wen*  entithxl  to  nominal 
hfcmages,  at  least,  for  the  offensive  condition  of  things  uihmi  their  laud,  even  if 
they  never  visite<l  it,  and  althougli  its  rentjd  and  wdling  value  n^mained  unim- 
Taired.     (Watson  r.  New  Milford  Water  Co.,  71  Cv)mi.,  ■U'i,^    M.  \)l\v^w?k  v\5«we***>vV 
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can  be  regarded  as  substantial,  they  are  still  so  small  in  amount  that  no  new 
trial  should  be  granted  for  their  reduction.  (Buddington  v.  Knowles,  30  Conn., 
26;  Holbrook  r.  Bentley.  32  id.,  502,  508.) 

The  action  was  well  brought  against  the  defendant  as  a  town,  and  not  as  a 
consolidated  school  district.  It  is  a  single  corporation,  and  the  consohdation 
simply  threw  upon  it  additional  powers  and  duties.  It  maintained  as  a  town  a 
nuisance  previously  created  by  a  district. 

That  the  plaintiffs  in  prior  years  had  discharged  sewage  and  dyes  from  a  hat 
shop  on  their  premises  into  the  brook  did  not  bar  their  right  of  recovery.  If 
they  had  thus  fouled  the  brook  to  the  injury  of  landowners  below  them,  it  did  not 
operate  as  a  license  to  landowners  above  them  to  use  it  in  a  similar  way. 

That  the  water  remained  potable  by  cattle  and  inhabitable  by  fish  was  nnim- 
portant  except  in  mitigation  of  damages. 

I>KI^AWARE   RIVER. 

The  Delaware  drainage  area  occupies  parts  of  the  States  of  New 
York,  New  Jersey,  and  Pennsylvania,  comprising  6,855  square  miles. 
(See  fig.  12.)  The  main  river  of  the  Delaware  system  rises  in  New 
York  State,  in  a  county  boi'dering  the  western  part  of  the  Catskili 
JMountains.  The  elevation  at  that  point  is  said  to  be  about  1,900  feet. 
It  flows  in  a  very  irregular  course,  its  general  direction  being  south- 
ward, and  empties  into  Delaware  Bay.  For  about  100  miles  above 
Port  Jervis  it  forms  the  boundary  Ix^tween  the  States  of  New  York 
and  Pennsylvania;  below  that  point  it  forms  the  entire  western 
boundary  of  the  State  of  New  Jersey. 

The  principal  tributaries  of  Delaware  River  enter  from  the  west. 
They  consist  of  tlie  Schuylkill,  which  joins  the  main  stream  at  Phila- 
delphia, draining  a  country  1,912  square  miles  in  extent;  and,  a  little 
farther  north,  the  Lehigh,  at  Easton,  the  basin  of  which,  1,332  square 
miles  in  extent,  comprises  a  great  mining  region  of  Pennsylvania. 
The  Lackawaxen  River  entera  at  Lackawaxen,  draining  in  its  course 
597  square  miles.  At  the  extreme  northwestern  part  of  the  Delaware 
basin  the  river  forks  into  the  East  and  West  branches,  which  drain 
520  and  348  square  miles,  respectively. 

Although  the  drainage  Inusin  of  the  Delaware  is  a  very  important, 
prosperous,  and  thickly-settled  region,  the  resources  of  the  river  sys- 
tem have  not  been  utilized  or  appreciated  to  any  considerable  extent, 
and  comparatively  little  has  been  done  to  determine  the  character  of 
the  water.  At  Philadelphia  the  city  is  now  conducting  extensive 
investigations,  which,  when  their  results  become  available,  will  fur- 
nish a  clear  insight  into  the  character  of  the  water  in  the  Schuylkill 
and  Delaware  opposite  that  city.  Aside  from  these  investigations,  the 
results  of  which  can  not  be  learned  at  present,  the  only  data  available 
are  comprised  in  a  short  report,  by  Mr.  Allen  Hazen,  on  the  character 
of  the  water  supply  of  the  city  of  Trenton,  N.  J.,  which  demonstrated 
beyond  controversy  that  the  water  of  the  Delaware  ftbove  the  city  of 
Trenton  is  polluted  with  sewage  and  industrial  refuse  to  a  dangerous 
degree. 
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The  folio  win  j(  table,  Inken  largely  from  Mr.  Hazen's  report,  gi 
the  names  of  the  municipalitieH  in  the  Delaware  Basin  above  Trentoi 
contributing  l>olluting  nubstanees  to  the  river: 

Table  78. — Cities  and  ttnrtiH  alnwe  Trenton  contrihfiting  jyoUuting  xutudnncet 

Delmtare  River. 

[DrainaK**  area,  ft,AlH  wiuart*  mileB.] 


City  or  town. 


County. 


Lam>)ertville,N.  J - Hunterdon 

Newhope,  Pa .. .      Bucks         .    .. 

Frencht4)wn.  N.  J Hunterdon 

Quakertown.  Pa ...     Bucks   

Phillipsbnrg,  N.  J Warren 

South  Easton,  Pa Northampton 

Easton,  Pa .do 

Bang^or,  Pa do 

Nazareth,  Pa. do 

Bethlehem,  Pa .do 

South  Bethlehem,  Pa do 

West  Bethlehem,  Pa Lehigh . . 

Washington,  N.  J Warren 

Belvidere,  N.  J. do . . 

Allentown.  Pa.. Lehigh  

Penn  Argyl.  Pa Northampton 

Catasauqua.  Pa Lehigh . 

Oxford,  N.J Warren 

East  Stroudsburg.  Pa Monroe    

Slatington,  Pa Lehigh 

Stroudsburg,  Pa _ i  Monroe 

Lehighton,  Pa '  Carbon 


East  Mauchchunk,  Pa . 

Mauchchunk,  Pa 

Summithill,  Pa 

Nesquehoning.  Pa 

Waverly,  Pa 

Newton,  N.  J 

Whitehaven,  Pa 

Hazleton,  Pa . .  _ 

Port  Jervis,  N.  Y 

Hawley,  Pa 

Honesdale,  Pa 


do  .. 

do  .. 

do    . 

do  .. 

do  .. 

Sussex  . . 
Luzerne 

do    . 

Orange . . 
Wayne . . 
do  .. 


Distance 

above 
Trenton. 


MiUit. 


100. 


14 

4.6371 

14 

i.3ial^ 

30 

ml 

42 

3.011 

47 

10,091 

48 
48 

25,288 

56 

4.101 

r>8 

2,304 

59 

7,2« 

59 

13,341 

60 

3,465 

60 

3,580  1 

62 

1,784    j 

64 

35.416 

65 

2,784    : 

67 

3,96t    ; 

71 

3,096  1 

71 

2,648 

79 

3,77« 

81 

3,450 

90 

4,629 

93 

3,458 

93 

4,039 

95 

2,986 

98 

2.862 

100 

2,471 

105 

1         4,376 

115 

1,517 

115 

14,230 

120 

9,38.) 

157 

1,93.') 

166 

2,864 

OK.l 
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78. — Cities  ami  totvns  cUxyve  Trenton  contribfiting  polluting  inibstances  to 
Delaware  River — Continued. 


City  or  town. 


K!k,  N.  Y 
dt.  N.  Y  _ 
:>n.N.Y. 
,  N.  Y  .  -  - 


(>:>unty. 


Delaware 
do  . 

do 

do 


DiHtanre 

al)<>vo 
Trenton. 


194 
205 

245 


Population, 

ignt). 


1,888 
2,051 
2,811 
2, 078 


Ithou^b  only  a  few  of  the  iiiu niei pal i ties  iiieiitioiHMl  in  the  above 
e  have  been  provided  with  sewers,  and  the  indliition  is  therefore 
n  early  stage  of  it»8  development,  the  effects  are  noticeable  in  the 
jwing  analyses,  which  were  made  during  the  perio<l  of  Mr.  Hazen's 
JHtigation : 


Table  79. — AnaJynes  of  ivaterfrom  Delawarv  River  at  Trenton. 
[Parts  iKT  million.] 


ftte. 


.16 

e29 

|r6. 

r27. 

M7 

t.l3 


I? 


3 

680 
7 

480 
3 
8 


Q 

_6_ 

0. 15 
.18 
.12 
.12 
.11 
.08 


Nitrogen  aH-- 


II 


0.060 

.a5o 

.088 
.226 
.102 
.116 


6 

r 

0.004 
.040 
.042 
.086 
.018 
.024 


5 

s 

0.000 
.004 
.008 
.004 
.006 
.004 


t 


0; 


.S     I 


0.260  I  1. 


44. 50 
160  1.6  480.00 
320  I  2.2  I  93.00 
160  !  2.0  273.00 
160  2.8  I  116.00 
160     3.0  i  103.00 


HardneHH. 

1 

< 

1| 

23.0 

6.0 

27. 0 

8.0 

42.0 

9.5 

27.0 

9.5 

57. 0 

7.5 

57.5 

14.0 

0. 30 

11.80 

.05 

8.00 
.20 
.30 


rhe  investigation  included  a  daily  determination  of  turbidity  from 
ril  to  November,  inclusive,  in  the  year  1880,  the  results  of  which 
)w  that  the  Delaware  water  is  usually  free  from  suspended  matter, 
d  that,  although  it  carries  along  considerable  mud  during  freshets, 
bsidence  is  rapid. 
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The  followinj(  table,  iHken  largely  fi-om  Mr.  Hazen'n  report,  j?iv( 
the  names  of  the  muiiieipalities  in  the  Delaware  Basin  above  Trentcm 
contributinjr  polluting  substances  to  the  river: 

Table  78. — Citien  and  totrvH  nlnyi^  Trenton  etmtrilntting  pollnting  suiMtances  to 

Delmrarr  Rh^r. 

[Drainagrn  area,  A,ttlH  squart*  miles.] 


City  or  town. 


('ounty. 


LainbertviUe, N.J -  Hunterdon 

Newhope,  Pa Bucks 

Frencht4>wn.  N.  J .  Hunterdon 


Bucks   

Warren 

Northampton 
.   .do 


Quakertowii,  Pa . 

Phillipsburg,  N.J 

South  Easton,  Pa. 

Easton,  Pa 

Bangor,  Pa _ .do 

Nazareth,  Pa do 

Bethlehem,  Pa do 

South  Bethlehem.  Pa do 

West  Bethlehem,  Pa Lehigh. 

Washington,  N.  J Warren 

Belvidere,  N.  J do 

Allentown,  Pa Lehigh 

Penn  Argyl.  Pa Northampton 

Catasauqua.  Pa Lehigh 

Oxford,  N.  J Warren 

East  Stroudsburg.  Pa Monroe    

Slatington,  Pa _ Lehigh 

Stroudsburg,  Pa Monroe 

Carbon 

do 

do 

do    

do 

do 

Sussex 

Luzerne     

..   .do  

Orange 

Wayne 

do 


Lehighton,  Pa 

East  Mauchchunk,  Pa . 

Mauchchunk,  Pa 

Summithill,  Pa 

Nesquehoning,  Pa 

Waverly,  Pa 

Newton,  N.  J 

Whitehaven,  Pa 

Hazleton,  Pa 

Port  Jervis,  N.  Y 

Hawley ,  Pa 

Honesdale.  Pa 


Distance 

above 
Trent<^n. 

PopulatitNi, 
1900. 

.IfiieM. 

14 

4,8W 

14 

1,818  j 

30 

t,m 

42 

3,01i 

47 

10,06i 

4^ 
48 

}      2.5.338^ 

56 

4,1« 

58 

2,304  .; 

59 

7,2iB  ' 

59 

13,241   4 

60 

3,465 

60 

3.580 

62 

1,784 

64 

:».416 

65 

2,784  , 

67 

3,9« 

71 

3,085  i 

71 

2,648 

79 

3,778 

81 

3,450 

90 

4,639 

93 

3,458 

93 

4,020 

95 

2,086 

98 

2,862 

100 

2,471 

105 

4,376 

115 

1,517 

115 

14,230 

120 

9,3a) 

157 

1,935 

166 

2,864 

OK,] 
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78.— Ci7iV«  and  towns  above  Trenton  contribftting  polluting  snhatanceH  to 
Delaware  River — Continued. 


City  or  town. 


)ck,  N.  Y 
dt,  N.  Y. 
>n.N.Y- 
.N.  Y... 


(k>unty. 


Delaware 
do  .. 

do 

do 


I 


I 


Distance 

above 
Trenton. 


194 
205 
228 
245 


Population. 
1900. 


1,883 
2,051 
2,811 
2,078 


though  only  a  few  of  the  municipalities  niention<Ml  in  the  above 
'.  have  been  provided  with  sewerH,  and  the  j>c)ilution  is  therefore 
I  early  stage  of  it«  development,  the  effects  are  noticeable  in  the 
wing  analyses,  which  were  made  during  the  peritwl  of  Mr.  Hazen's 
^tigation : 

Table  79. — Analyses  of  water  from  Delaware  River  at  Trenton. 
[Parts  iwr  million.] 


Nitrogen  as— 

Hardness. 

e. 

§ 

i 

1 

0.004 

1 
0.000 

1 
z 

0.260 

1 

0 

'0 

! 
}_ 

44.50 

'3 

< 

23.0 

bifH 

6.0 

1 

16  . 

3 

0.15 

0.060 

1.7 

0.  30 

29  . 

680 

.18 

.350 

.040 

.004 

.  160 

1.6 

480.00 

27.0 

8.0 

11.80 

6... 

7 

.12 

.088 

.042 

.003 

.  320 

2.2 

93. 00 

42.0 

9.5 

.05 

27.. 

480 

.12 

.226 

.086 

.004 

.160 

2.0 

273. 00 

27.0 

9.5 

8.00 

17. 

3 

.11 

.102 

.018 

jm 

.  160 

2.8 

116.00 

57.0 

7.5 

.20 

13. 

!        8 
1 

.08 

.116 

.024 

.004 

.160 

3.0 

103. 00 

57. 5 

14.0 

.30 

16  investigation  included  a  daily  determination  of  turbidity  from 
ilto  November,  inclusive,  in  tlie  year  1881),  the  results  of  which 
V  that  the  Delaware  water  is  usually  free  from  suspended  matter, 
that,  although  it  carries  along  considerable  mud  during  freshets, 
iidence  is  rapid. 
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Table  80. — Turbidity  of  Delaware  River  at  Trenton, 


IKO.' 


Day  of  month. 

April. 

1 

2 ..  

3 

4 

5 

6 

7 

8.. 

9. 

10 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

32 

28 

16 

16 

16 

16 

13 

13 

13 

9 

9 

6 

11 

12 

13 - 

14 

15 

16 

17-- 

18-. 

19 

20- 

21-. 

22  - 

23  - 

24 - 

25 

26. - 

27 ...  

28 

29 

30 

31 .- 

May 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
2,737 
28 
28 
28 
24 
24 
9 
9 
9 
9 
9 
6 
6 


June. 


6 

6 

9 

9 

9 

9 

9 

6 

6 

6 

6 

6 

6 

6 

77 

77 

32 

32 

28 

16 

9 

6 

6 

6 

6 

6 

6 

236 

16 

16 


July.  I  Ang. 

I 


9 

9 

6 

6 

6 

6 

6 

28 

13 

9 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

28 

77 

56 

40 

32 

150 


13 
13 
9 
13 
6 
6 
6 
6 
6 
6 
6 
6 
6 
16 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


Sept. 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
150 
32 
20 
13 
9 
9 
6 
6 
6 
6 
6 
6 
6 
6 
6 


Oct. 


6 
6 
6 
6 
6 
6 
6 
6 

44 
6 
6 
6 
6 
400 
100 
56 
13 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


No 


OHIO  RIVER  BASIN. 
DRAINAGE   AREA. 

A  clear  and  concise  description  of  the  drainage  area  of  the  Ot 
River  is  given  in  the  report  of  Prof.  Dwight  Porter,  published 
Volume  XVII  of  the  Report  of  the  Tenth  Census,  as  follows: 

By  the  union  of  the  Allegheny  and  Mouongahela  rivers  at  Pittshnrg  the  01 
River  is  formed,  with  a  drainage  hasin  at  that  point  of  between  18,000  and  19,( 
square  miles,  which,  after  a  couree  ot  noarVy  «k  Wvoxifn^id  miles  to  the  sonthwe 
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MinereaHeil  t(>  abfjnt  214.000  tM^nHre  luileH  at  the  jniiotioii  witli  thi*  Mississip])!. 
lli^Iiriucipal  streauiH  whi<'h  (?ontrilmt4*  to  tliis  iii<'rt»»iH«'  iirp,  mi  th<*  north  si<lf.  th«» 
Bnv<M-.  MuskiiipTUin,  Scioto.  CIrpatMiHini.  and  Wal»aHh  rivcrH.  and  on  tlif  south  side 
the  Little  Kanawha,  Gn^at  Kanawha.  Bi^  Sandy.  LirkinK.  Kentncky.  (frtM-n.  ( *uni- 
berland.and  Teim<^H8CH«.  Tlw  h«>a<lwaterH  of  the  Alle>i:hi*ny  are  in  northern  Penn- 
qrlraniaand  sonthweKt^ni  New  Y<irk;  thowof  the  M<»nonK2ihela. nearly  2.V)  miles 
dirtant,  in  West  Virginia.  Tlie  east<>m  watershe<l  line  of  the  ( )hio  then 'fore  ruts 
directly  af;rrtfiH  the  State  of  Pennsylvania,  at  a  distane«*  from  tlie  westi'rn  border 
ringing  frrnu  so  miles  in  the  rnmth  t^)  alnrnt  U\0  niih's  in  the  north.  Pas.sinK  out  c»f 
thi«  State,  the  northern  lN)undar>'  of  the  river  l«isin  runs  throuj^h  New  York.  <  )hio. 
ud  Indiana.  1>einf2:  ('Arrie<l  in  the  latter  State  around  the  ni)]N'r  waters  of  the 
Wabash  nearly  to  the  Michif?an  line  and  (Mmsidenihly  more  than  -*<M»  miles  north 
of  the  main  river  itself:  it  then  enters  Illinois  and  strikes  southerly  through  that 
State  to  the  month  f)f  the  (.)hir»  at  Cairo.  The  southern  iNjundary  mns  from 
Pennsylvania  across  a  comer  of  Maryland,  emlinwes  nearly  all  of  West  Virginia, 
and  forms  in  iMirt  the  dividing  line  ]>et\vtM'n  tliat  Stat«*  and  Virginia:  it  crosses 
the  southwestern  iMirtion  of  the  latter  Stat<^  and  the  western  iwirt  of  North  Caro- 
lina, and  by  the  TennesstHJ  Basin  is  ext*Mided  down  into  Georgia  and  Alaluima. 
rwk'hing  there  a  distance  of  3<K)  niUes  sonth  of  the  Ohio:  it  continues  from  Ala- 
bama across  the  adjacent  northeiist4*m  C4)rner  of  Mi«sis.siii])i.  and  finally  travers4?s 
the  extreme  western  ]N>rtionM  of  Tennessei*  and  Kf»ntncky. 

Tho  elianicti'rs  of  thc»  (liffenMit  strc»ains  within  this  area  are  deter- 
miued  or  mtNlified  hy  tho  various  lopo^rraphic  rea1nrt>s  of  the  <fomitry. 
In  the  oast  ami  southeast  th(»  drainage  an*a  is  lH)nbM'ed  l>y  the  Alle- 
gheny Monnt^iiiis,  and  the  streams  which  hav(^  their  origin  there  flow 
into  the  Ohio  through  a  generally  sparsely  settled  country  rich  in 
mineral  deposits.  From  this  region  a(*ross  to  Mississippi  River  the 
snrfarre  grows  flatter,  rapidly  in  some  directions,  more*  gradually  in 
others.  Towanl  the  Oliio  there  is  a  gradual  deeline  in  elevation,  (cul- 
minating in  the  lN)ttom  lands  along  that  river,  wliieh  have  l^ecome 
famous  fcu'  their  fertility.  Noilh  of  Ohio  River  the  land  ccmiprising 
that  portion  of  the  basin  lying  within  the  States  of  Ohio  and  Indiana 
ri8i»8  very  slowly,  through  many  miles  of  undulating  territory,  and 
ends  in  a  low  range  of  hills  which  forms  the  divi<le  1)etween  the  Oliio 
Basin  and  the  drainage  area  of  the  (ireat  Lakes. 

The  various  tril)utaries  on  the  south  si(b»  of  the  Ohio  olT(»r  facrilities 
for  extensive  development  of  power.  Th<»  descent,  of  the  streams  is 
swift,  especially  in  the  southern  iM)rtion,  hut  the  flow  is  extremely 
variable,  the  di'ainage  aivas  being  of  the  ''quick-spilling"  vari<dy, 
and  consequently  enormous  pondage  would  Ix*  n(M*essary  to  secure 
any  great  mejisui-e  of  uniformity  of  (low.  In  the  case  of  some  streams 
this  would  make  the  initial  <*ost  of  utilization  extraordinary  and  pro- 
hibitive. On  the  north  sid<»  of  the  Ohio  the  (»ountry  is  flat  and  the 
proi)ortion  of  nm-ofF  is  small,  so  that,  as  a  whoh»,  the  streams  are  not 
Well  adapted  for  the  development  of  power.  It  is  true  that  there  has 
been  considerable  utilization  of  streams  for  local  grist  and  IuuiIkm' 
mills,  yet  it  is  not  at  all  pro])ortional  to  the  contributing  drainage 
ftreaiis  compared  with  that  which  is  possible  on  the  streams  of  New 
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York  and  New  EuKland.     The  Ohio  is  therefore  in  only  a  eomi 
lively  limited  sense  a  [>ower  stream. 

The  main  river  lias  great  value  as  a  channel  of  transportation, 
some  of  the  tributaries  are  navigable  to  a  limil^l  extent.  This  vi 
has  been  develojwd  largely  by  the  Federal  (xovernment. 

CHARACTER  OF  WATER. 

In  considering  the  characteristics  of  the  waters  of  the  Ohio  Bad 
one  can  not  fail  to  be  impressed  with  the  marked  differences  whii 
exist  between  them  and  the  waters  of  the  Northeastern  States,  al 
considered  at  length.  In  the  latter  region  we  have  studied  w; 
which  are,  as  a  rule,  fairly  clear,  which  contain  only  small  amoui 
of  dissolved  mineral  matter,  and  in  which  the  degree  of  hardness 
usually  almost  insignificant.  We  have  noted  that  the  New  EngUol 
waters  are  highly  colored,  some  extremely  so,  from  the  solution  ot 
chlorophyll  and  decaying  vegetable  and  peaty  matter.  This  charac- 
teristic has  led  to  the  application  to  these  waters  of  the  apt  and 
expressive  term  "vegetable  t«m."  In  considering  the  water  in  the 
Ohio  Basin  it  is  necessary  to  remember  in  the  beginning  that  we  have 
to  deal  with  a  water  which  usually  contains  a  high  proportion  of  innr- 
ganie  salts,  which  is  hard,  and  which  in  times  of  freshet  carries  along 
enormous  quantities  of  fine  clay  and  mud.  A  report  of  a  water  analy- 
sis which,  in  the  case  of  a  New  England  water,  would  be  regarded  as 
certain  evidence  of  artificial  pollution,  may  in  the  case  of  Ohio  water 
represent  a  truly  normal  river  of  uncontaminated  and  healthful 
character. 

The  following  analyses  illustrate  this  point: 

Table  81. — Comparison  of  analyses  of  normal  waiters  in  New  England  and  in  the 

Ohio  Basin. 


[Parts  p«r  million.] 

Re^on. 

Turbidity. 

Color. 

6.0 
4.0 

Albu- 
minoid 
ammo- 
nia. 

Nitrogen  a«— 

! 

Free  •     -j^^i 

Ni- 
trates. 

Chlo- 
rine. 

Total 
resi- 
due. 

Hard- 

DBA 

1 

2 

Massachusetts .  - 
Ohio  Basin 

Very 
slight. 

do  .. 

0.199 
.514 

O.Oia   0.000 

.062      .024 

1 

0.037 
1.500 

1.7 
2.0 

34.7  ;    8.0 
730.0  1  a6 

Sample  No.  1  in  the  above  series  was  a  normal  water  taken  from  an 
upland  stream  in  Massachusetts.     It  is  a  fair  representative  of  East- 
ern waters,  having  some  turbidity,  a  high  color,  and  considerable 
organic  matter,  as  is  shown  by  the  nitrogen  compounds.     Sample  No. 
£  was  a  normal  water  taken  ironi  an  vxpVaii^  t^^qh  m  t^bie  Ohio  Basin 
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ab(»ve  all  points  of  contamiuation.  It  also  in  a  k<xx1  represoiitHtive 
<rf  wat4?r8  of  its  class,  haviu^JT  a  inoderat<»  color,  a  larj^«»  n»si<lue,  and 
BD  extremely  high  content  of  nitnigen,  especially  in  the  form  of 
nitrates.  Note  also  that  the  water  is  very  hanl.  From  tlu»  stnmlpoint 
of  sewajre  i)ollut]on  both  of  the  alx)ve  siimjilcs  arc  ccjually  ^(kmI,  each 
l)einjr  uneonlaminatcd.  Fnmi  the  sanitary  staiulpoint  No.  J  is  the 
«qual  of  Xo.  1,  and  if  these  analyses  faithfully  repres(»iited  tlie  char- 
acter of  the  streams  from  which  thesis  samples  come  the  resources  of 
one  would  be  ec^ual  to  those  of  the  otlier,  other  thiiiji:s,  of  course, 
being  equal. 

Another  point  to  be  borne  in  mind  is  the  oxtreiiu*  variability  of  the 
physical  characteristics  of  the  Ohio  Hasin  waters,  esi)ecially  the  tur- 
bidity. In  a  time  of  drought  the  water  will  Ix*  clear,  but.  soon  after  a 
ninstorm  the  turbidity  will  rise  to  a  point  which  almost  deiies  clari- 
fication, but  in  the  course  of  a  few  days  the  water  will  Iwcomc  as 
clear  as  it  was  l>efore  the  st<)nn. 

ALLEGHENY  RIVER. 
GENERAL  *  FKATl'  KKS. 

Drainage  area. — The  Allegheny  is  the  largest  contributor  to  the 
Ohio.  (See  fig.  13.)  The  drainage  area  covers  J  i,4iM)  square  miles 
and  lies  principally  in  the  State  of  INiunsylvauia,  (»xt«Miding  for  a 
short  distance  into  the  State  of  New  Vork.  Th<»  length  of  tin*  stream 
is  about  325  miles,  and  its  basin  embraces  a  larg(^  area  of  \\\o  western 
slope  of  the  Allegheny  Mountains.  Thecountry  is  rough  and  broken, 
vith  high  summits  and  deep  valleys. 

Water  power, — The  Allegheny  is  not  very  valuabh^  as  a  source  of 
water  ix)wer.  The  .storage  capacity  in  the  drainage  area  is  extremel}' 
small;  and  although  in  early  times  the  large  nuinlnM-  of  springs  main- 
tained a  fairly  constant  flow,  the  d(^for(»station  has  nnluced  the  whole 
area  to  a  "qnick-spilling"  country.  Although  the  drainage  area  is 
large,  only  a  small  i>ortion  of  it  contains  streams  that  are  valuable 
for  development  of  power.  The  river  is  p<Kniliar  in  this  respect, 
for  the  descent  is  moi*e  rapid  in  the  middle  and  lower  j)ortions  than 
it  is  at  the  headwaters.  In  those  i)ortions  it  is  deep  and  is  used 
Wtensively  for  transportation,  but  a])ove  the  head  of  navigation  it 
has  little  value.  The  power  which  has  been  dcvelop(Ml  is  ai)plied 
Plainly  to  the  lumber  industry. 

Flon\ — The  flow  of  the  Allegheny  has  not  l)een  delinitely  det<M'- 
mined,  and  the  flgures  available  to  show  it  are  not  the  result  of  as 
careful  and  long-continued  measur(»m(^nt.  as  is  generally  considered 
necessary  for  the  iw»curate  determination  of  flow."  Mea-surements 
made  in  1897  under  the  direction  of  a  corps  conne<*t<^d  with  th<»  War 
I^epartnient  seem  to  show  that  the  flow  of  the  Allegheny  at  Franklin 
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was  about  1,000  second-feet,  and  at  another  xK)int  20  miles  below  a i 
charge  of  1,250  second-feet  was  determined.  In  the  year  1838  I 
discharge  of  the  Allegheny  at  Pittsburg  was  report^ed  as  being  1,1 
second-feet,  while  various  gagings  during  the  years  1806-1870  shou 


4^niili 


Fig.  13.— Allegheny  River  drainaffe  boain. 


that  at  Brunots  Islaml,  2^  miles  below  the  junction  of  the  Alleglie 
and  the  Monongahela  rivers,  the  least  discharge  was  1,700  second-fe 


POPULATION   OF  BASIN. 


in    the  drainage    basin  of   A\\eg\\e\\y  l^Vvet  \Jafe  ^pulation  1 
Jncreased  rapidly.     The  f ollowiiig  tA\>\^  mc\\i^^^  ^;>[v<fe  t£v^j%\»  \m\«^ 
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and  towns,  their  population  in  1890  and  1!HN),  and  their  appntx- 
?  distance  from  the  city  of  Pittsburg: 

c82. — Ciiien  and  townti  on  Allegheny  River  and  trihutarit'H  nlHtre  Pittttlmnj. 


Plan*. 


la 

out 

Sensiiigton 

itum 

ort 

City..-. 


Mirg  . 
iank.. 
Brady 
be.... 


jyia-   I  Popnlfttion. 

tanoe  _ .     

in 

miicii.  I  1M».        igno. 


Bethlehem  I 


I 


nton 

ratawney 
>)nemangh 

nrille 

I  Fork .... 

)n 

iburg 

^Idftville  - 

din 

f)i8 

ty 

iray 


3 

4 
11 
14 
21 
88 
85 
88 
47 
57 
63 
64 
65 
72 
76 
77 
78 
82, 

a5 1 

02  I 
08  I 
99  i 
100  I 
112  I 
112  i 
116  I 
121  I 
125  I 
140  1 


1,477 
1,678 


4,627 
1,637 
1.255 
2,156 
3,095 
1.088 
2,035 
1,228 
3,589 
3,126 
1,968 
1,317 
1,026 
1,963 
1,126 
2,792 

i,ia5 

2,478 
1,295 
2,164 
1,202 
2,789 
6,221 
6,149 
10,932 
1,903 


P1a(*«. 


1,904 
2,823 
4.665 
5,472 
1,754 
2,870 
2,924 
3,902 
828 
1,961 
1,23:3 
4,614 
3,386 
2,347 
1,070 
1,269 
4,142 
1,190 
4,375 
2, 175 
2.472 
2,635 
2.004 
1.574 
3,4;J5 
7.317 
9. 375 
13,264 
3.515 


;;  Titnsville    .   . 

Meadville    . . . 
j  St.MaryH  ... 

JohnHonlmrK 

Wilcox  . 

Tidioute  .  .   . 

£<Hnb<>n) 

Watcrford 

;.  Sheffield 

'I  Union. . . 

'  Clarendon   .   . 

I!  Warren  ... 

i! 

',  (\)rry 

I  Biisti,  N.  Y    . 

i'  JamoHtown. 

|.      N.Y 


t«iif«> 

In 
iiiil«*H. 


142 
144 
14H 
149 
151 
160 
161 
170 
172 
177 
ISO 
ISl 
195 
2(»5 


Ma>-v'ille.N.Y 

Bradford 

Olean.N.Y. 

;  Cnba.  N.  Y  . 

!  Franklinville, 

I      N.Y 

i  Eldre<l . 

'  Port  Allegany . 

;  Siuethi>ort 

I  Condersiwrt . . . 


Poinilatlnu. 


I  MM  I. 

S,073 
9.  ,520 
1.745 
1 ,  2H0 


Randolph.N.Y      212 

Sal  am  a nr a. 
N.Y 


222  ! 
227  I 
240 
241 
256 

25H 
2«;3 
2(V6 
267 
282 


IWII. 

H,  224 

10.291 

4, 295 

3,H94 


1.32S 

1.237 

1.107 

691 

H3S 

767 

2. 202 

2.  ."iSO 

2.2(W 

3. 104 

1.279 

i.<m2 

4.:W2 

8.04:3 

5,677 

5.;m9 

16,  (KW 

22.892 

1.201 

1,209 

3,692 

4,251 

1.164 

1M3 

10,514 

15.029 

7,;r)8 

9,462 

1,:3H6 

1,502 

1,021 

l.;3(M) 

1.050 

963 

1.230 

1.H53 

1,150 

1,704 

1,530 

3.217 

POLLUTION. 

peotion  of  the  alKive  table  will  show  that  although  a  srreat 
rity  of  the  municipalities  are  small,  and  probably  do  not  con- 
tie  a  large  amount  of  sevage  or  manufacturing  wastes  to  the 
,  there  are,  neverthelc^ss,  many  places  that  are  probably  sewered 
that  naturally  pour  tlieir  wastes  into  the  river.    There  is  no 
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record  of  any  examination  of  the  water  of  the  Allegheny  River  ( 
those  made  by  the  filtration  commission  of  the  city  of  Pittsburg 
The  question  of  pollution  has  been  considered  in  a  report  ma 
Prof.  William  T.  Sedgwick  to  the  Pittsburg  commission,  the  e 
sions  of  which  were  that  the  water  is  polluted  to  a  degree  which  i 
it  unfit  for  use  as  a  source  of  public  supply  in  its  raw  state, 
opinion  is  borne  out  by  recent  use  of  the  water  in  Pittsburg, 
records  show  that  the  typhoid  fever  rate  is  abnormal.  Accord 
the  city  of  Pittsburg  has  investigated,  and  is  even  now  prepar 
introduce  a  system  of  filters,  the  total  cost  of  which  will  not 
from  $3,500,000,  while  the  expense  of  maintenance  is  calculated 
report  of  Mr.  Allen  Hazen,  consulting  engineer,  to  be  alx)ut  $2 
annually.  This  gives  no  idea  of  the  damage  done  to  the  city  of 
burg  alone  by  sewage  jjoUution.  In  a  well-considered  article 
lished  in  the  Pittsburg  Dispatch  April  21,  1902,  it  was  estimate 
the  cost  of  treating  typhoid  fever  and  the  value  of  the  lives  los 
that  disease  in  the  city  of  Pittsburg  during  the  previous  three 
amounted  t^o  about  ♦3,3;35,0(K),  sufficient  to  pay  interest  upo 
retire  a  bonded  indebtedness  of  $13,000,000.  These  figures 
charged  to  the  account  of  typhoid  fever  alone,  no  estimate 
made  of  the  sickness  and  deaths  arising  from  or  induced  by 
water-borne  diseases. 

CHARACTER   OF  WATER. 

Experiments  were  conducted  during  the  years  1897-98,  und 
authority  of  the  filtration  commission,  and  throughout  this  ] 
weekly  chemical  examinations  were  made  of  the  water  in  the 
gheny  River.  These  results  are  almost  the  only  available  ones 
show  the  character  of  the  water;  and  as  the  samples  were  t« 
short  distance  above  the  city  of  Pittsburg,  they  show  clearly 
is  being  contributed  to  th<*  Oliio  syst/cm  by  this  branch. 


Tabf.e  H:j. — Analyses  of  water  of  AUegheny  Rh'ei' at  Brilliant,  above  Pit 

[Partw  ]H*r  million.] 


Dat«  of  <M)llection. 


Tnrl»idity. 


1H»7. 

June Dwided. 

July 1 do. 

Auguxt I  Slight 


September ' do. 


Ocstober.... 

'^       '-ember. 

mber  .. 


I 


...do 

...do 

...do 


3.7 
2.H 
2.tt 

;i.o 


NitTf  ig**n  ai*— 


o.i:^7 

.'Ml 
.  210 

.  i:« 

.12(> 

Am 

i   .111 


I    I 


E 


I 

i 


II]  r 


il  \7a 

Ai*i 

]  Am 

tTiii 

rvVi 


:*i.a 

irr.o 
:*.i 


141 

m 

177 


Banlnec 


I 


40  5 

4fl,d 
fill  8 


A 
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Table  SS. — Analyses  of  water  of  Allegheny  Hirer  at  Brilliunt,  «7r.— ("oiitiiiiuHl. 


NitrogtMi  UM 

Hun 

IH'H.-^. 

•z 

i' 

. 

Ikie  of  collection. 

Turbidity. 

u 

Albumino 
ammonia. 

f 
1 

t 

f 

i 
l 

i 

i 

T 

"5 
J4 

5  " 

t 

ll«8. 

»«««y 

Slight  .. 

2.8 

.(174 

.010 

.W5 

15.  ;j 

l.-ill 

U.f< 

«  1 

112 

Rbrnary 

...do 

2.1 

.009 

.020 

1.4:r» 

1 1.  i\ 

111) 

17. :{ 

M  «; 

.  51) 

larch 

Muddy... 
Slight... 

2A 
2.2 

Am 

.015 
.OIH 

.4M7 
.4.'»K 

IM.O 

144) 
5)4 

17.5 
ls.:{ 

40 

April 

.11 

Hay 

Dw-ided. 
7« 

:«i 

105 

3.0 

2.7 
8.1 

.m 
.IK", 
.111) 

.131) 

.015 
.Oh) 
.(«7 
.214 

I.H» 

.:r75 

.«K»4 

.4:r. 

LM.2 
LM.7 

i')i 
i:o 

:{|.o 
'M.\ 

:n .  5 

♦i.  7 

4  0 
11.7 

M    1 

:C{ 

Jane                      

.10 

July..    .             

M) 

AmnBt 

a) 

A  mineral  analysis  made  of  the  saiiiph^s  from  tho 
September,  1808,  gave  the  foHowing  results: 


livrr  collrctod 


Tablr  84. — Mineral  analyttis  of  nutter  f nun  Alhytuiuf  Hinr. 
[PartH  \vt*Y  million.) 


Total  solidH 

Loss  oil  ignition  _ . 

Calcinm  oxide 

Magnesium  oxide  . 

Sulphuric  acid 

Chlorine- 


1J7.(» 

l;J.O 

'JO.  4 

•1.1) 

ic.  1 

1.0 
.  1 


Iron  oxide .....   .   .   .  

The  analyses  set  forth  in  Table  .^'J  ci'i-tainly  do  not  nec<\ssarily  indi- 
cate a  water  of  dangerous  qualiti<»s.  .Vll)iiniinoi<l  iuu\  U-i^i^  aniinonia 
and  nitrites  are  low,  and  on  tlu*  wholo  tin*  analyses  j)r(»sent  an 
wtremely  favorable  appearance.  This,  then,  is  one  of  tlu^  eas(ss  in 
which,  as  stated  in  the  introduetion  to  tliis  work,  littl(M*an  ])e  deter- 
mined concerning  the  dangerous  qualities  of  a  riv<»r  from  <'hemical 
fxami nations  alone.  Inspection  of  tlie  maj)  shows  that  the  centers  of 
^••mtamination  al)OvePitts])urgon  the  /vileghi'iiy  Kiverare  far  remov(Hl 
from  that  city,  and  thc^  distances  int(»rvening  seem  sunicient  to  bi-ing 
about  all  the  purification  appanMit  in  the  r(»sult  of  th<^  analyses  above 
'^^^t forth;  yet,  as  pointed  out  by  Profc^ssor  Sedgwick  in  the  report 
already  referred  to,  the  velocity  of  tin*  Allegheny  is  high,  being  at. 
^iines  from  7  to  8  miles  an  hour.  Under  such  circumstances  pollution 
poured  into  the  river  at  Oil  dty,  for  instancts  would  reach  Pittsburg 
^ith  fifteen  hours,  and  at  a  slower  rat**  of  flow  would  certainly  arrive 
within  a  few  days,  at  least..  Now,  it  can  be  easily  understood  that 
although  organic  matter  may  be  oxidized  and  diluted  to  such  ain 
extent  that  it  would  appenv  in  an  analysis  in  small  proportion  only, 
^rms  of  diseHse  entering  the  river  with  ttueU  \>oV\\xVvo\\  iift\3\<\  vccxxs*^ 


124 


NOBMAL   AND   POLLUTED   WATEB8. 


[■0,11. 


at  the  Pittsburg  water  'Miitake"  in  a  virulent  condition.  Undoubt- 
edly such  hjus  been  the  ease  during  all  the  years  in  which  Pittsbnig 
has  suffered  abnormal  typhoid-fever  mo^bidit3^ 

Coincident  with  the  examinations  above  described,  other  points 
along  the  Allegheny  were  made  use  of  for  the  collection  of  samples. 
A  series  was  (H>llect.<Ml  at  Montrose,  the  intake  for  the  water  supply  of 
the  city  of  Allegheny,  4  miles  above  Brilliant,  at  Pittsburg.     Another 
series  was  tAken  at  Hulton,  where  the  intake  for  the  supply  of  Oak- 
mont  and  Verona  is  situat>ed,  6  miles  alwve  Brilliant,  and  a  third  at  I 
Wildwood,  li  miles  above  Brilliant,  whence  the  water  is  taken  lo  " 
supply  Wilkinsburg  and  the  First  Ward  of  the  city  of  Pittsburg. 
These  examinations,  however,  did  not  show  that  the  water  was  mate- 
rially different  fn)m  that  at  Brilliant,  and,  indeed,  when  the  rapid 
flow  of  the  river  is  taken  into  account,  this  might  have  been  expected. 
There  were,  however,  a  number  of  examinations  of  samples  of  water 
taken  at  P2tna,  2  miles  l)elow  Brilliant,  on  the  opposite  side  of  the 
Allegheny,  below  a  point  where  a  certain  amount  of  pollution  Is 
received  from  Pitt«burg,  and  another  series  of  examinations  of  samples 
taken  at  Millvale,  4  miles  Iwlow  Brilliant,  ailso  on  the  opposite  side  of 
th(^  river.     The  average  of  these  examinations  for  each  point  is  given 
in  Table  85.     It  will  bo  seen  that  these  do  not  differ  materially  from 
the  samples  taken  at  Brilliant,  even  though  the  water  is  undoubtedly 
cont^iminated  by  the  addition  of  Pitt«burg  and  Allegheny  sewage. 
The  reasons  for  this  will  be  discussed  presently. 

Tablk  85. — AiuilyseH  of  water  from  Allegheny  River  at  Etna  ami  Millvale. 

[Part**  per  million.] 


Nitrtig<»n  as— 

Hardnem. 

i 

Pla<e  of 

1  :'■ "" 

Total  residue 

t     i 

^t 

(rolleftion. 

o 

Albumin 
ammon 

Free  ami 
nia. 

Nitrites. 

Nitrates 

Chlorine 

AUcalini 
Normal. 

Iron. 

r 

Ji5 

Etna 

2.9 

0.119 

0.030  |0.000 

1 

0.  «S2 

18.6 

155 

82.7  1     5.6 

0. 70      35 

Millvale  ... 

3.1 

.149 

.045   0,000 

'  .TOO 

1 

25. 8 

147 

47.0       8.5 

.38 

16 

MONONGAHELA  RIVER. 

Drainage  ha.sin. — Mon(mgahela  River,  which  joins  the  Allegheny 
at  Pittsburg  to  form  the  Ohio,  has  a  drainage  area  of  7,625  miles.  (See 
fig.  14.)  It  rises  in  the  northern  part  of  West  Virginia  and  flows  in 
a  northerly  direction,  draining  a  part  of  the  western  slope  of  the 
Allegheny  Mountains,  most  of  which  has  a  rugged  character  and  lacks 
feilility.  The  region,  once  h(»avily  timbered,  has  been  very  tho^ 
oughly  cleared,  excu^pt  at  the  headwaters  of  the  streams.  The  lower 
reaches  of  the  river  are  feriUe  awl  y\e\(V  \\\».t^^  ero^  ol  owm^  but  the 
country  seems  to  be  especially  adapWd  U>  ^T«jL\\i^. 


0».] 


OHIO  BIVEB   BASIN. 


125 


Flow, — ^The  flow  of  the  Monungahela  haH  not  \H^m  <l(*t43riniiHMl  in  a 

Dner  more  satisfactory  than  that  of  the  All^KhtMiy.     In  tlio  yeur 

the  Aow  of  the  Monongaheki  at  Brownsvillo,  50  iiiil(\s  hImivo 

^JPIttBburfi^,  was  reported  to  be  only  a1)out  2*M}  se(M)n<l-f(*(M .     This,  luiw- 

r,  was  in  a  dry  season.     The  lower  n»a<?hes  of  tin*  riwr  (MtiiHtitiiU* 

^a^slackwater'^  basin,  with  a  flow  of  not  num^  than  1  foot  {hh-  miniiti>». 

Mc  Kccpp  or  t 


*  G  i*^vn  will  I  rg 


Moiioxigia^Gla5 


30  miles 
Fio.  14.— MonontcahelA  River  druiiuiKo  IfUHiu. 

Population  ofhamn, — The  population  in  the  Monongahola  Biwin  is 
^lenaer  than  in  the  Allegheny,  and  tliero  are  larger  cities,  such  as 
^cKeesport,  Homestead,  Bra<ldock,  and  Wilkinsbiirg,  which  are  sit- 
uated well  down  toward  the  mouth  of  the  river.     Therefore,  the  water 
Which  arrives  at  Pittsburg  contains  more  recent  pollution  than  that 
in  the  Allegheny.     The  important  difference,  however,  lies  in  the  fact 
ihat  the  flow  of  the  Monongahela,  as  has  been  said,  is  slow,  and  there 
m  the  opportunity  for  sedimentation  that  ari^ea  m  ^v«»A^\iV^«XftT. 
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Table  86. — Cities  and  towns  on  Monfmgahela  River  and   tributaries  dbm 

Pittsburg. 


\ 


Place. 


Lower  St.  Clair 

Homestead . . . . 

Braddock    . 

WilkinsbuTK      

Port  Perry 

Turtle  Creek 

Wilinerding 

McKeesport 

Elizabeth 

Irwin 

Jeannette 

Monongahela 

West  Newton 

Greensburg 

Belle  Vernon 

Everson 

Scottdale 

Brownsville 

Bridgei)ort 

Mount  Pleasant 

New  Haven 

Connella\'ille 

Dunbar 

Uniontown 

Waynesburg  . : 

Fairchance 

Morgan tow^n,  W.  Va 

Somerset. _ 

Meyersdale 

Fairmont.  W.  Va 

Grafton,  W.  Va 

Clarksburg,  W.  Va  . . 

Weston,  W.  Va 

Buckhannon.  W.  Va. . 


Distance  in 
miles. 


3 
6 
9 
9 
11 
12 
18 
14 
30 
23 
29 
29 
32 
33 
41 
50 
52 
52 
55 
57 
57 
57 
61 
69 
80 


PopolatioiL 


1890. 


95 

95 
112 
112 
120 
140 
150  I 
180  I 
180 


3,680 
7,911 
8,561 
4,662 
l,a31 


419 
20,741 
1,804 
2,428 
3,295 
4,096 
2,285 
4,202 
1,147 


1900. 


4,688 
12,554 

n,m 

1,287 

3,d» 

4,1W 
34,287 

1.806 
2,453 
5,865 
5,173 
2,467 
6,508 
1.901 


2,693 

4,261 

1,471 

1,558 

1,030 

1,806 

3,652 

4,745 

1,221 

1,532 

5,629 

7,160 

1,381 

1.662 

6,a59 

7,344 

2,101 

2,544 

1,092 

1,219 

1,011 

1,895 

1,713 

1,8S4 

1,847 

3,034 

1,023 

5,6.>5 

3, 159 

5.650 

3,008 

4,050 

2,148 

2,560 

1,403 

1,589 

Cliaracter  of  ivak'r. — The  increase  of  population,  amountlDg  to  75 
per  cent,  as  shown  by  the  table  presented  above,  is  sure  to  bring 
about  a  proportional  increase  in  i)ollution.  It  is  not  necessary  to 
examine  the  water  chemicaUy  or  bac\^T\o\oig>ca.lLy  t»  prove  that  it  is 
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for  use  a»  a  water  supply.  McKeeHiwrt,  with  a  ]N)pulatioii  of 
:  Braddock,  with  15,654;  Honiest^^ad  and  WilkiiiM])urK,  <*H('h  fol- 
l  closely  in  the  number  of  inhabitants,  empty  raw  sewa^o  into 
[onongahela  or  it«  branches,  and  this  must  nocessiirily  pnMinci* 
lition  whieh  is  a  detriment  not  only  to  tlie  water  its<»lf,  but  to 
alty  values  along  the  river. 

're  are  available  a  few  analysi'sof  the  water  of  the  Moiionpihchi 
nne  of  the  branches,  which  were  mad<'  at  Pit  t  sbu  17;  at  the  sanu*  t  iinc 
we  already  presented  upon  the  Ane^heny.  A  s<'rics  of  cheniical 
inations  made  of  the  water  of  Indian  Cre(»k  and  otlier  cnM'ks  in 
?inity  give  a  good  idea  of  the  character  of  thr  normal  wat<»r  of 
ection  of  the  country,  for  the  population  011  Iiniiaii  ('r(»«»k  draiii- 
reais  small,  is  not  at  any  point  provich^l  with  scw<»raK<',  aiKl  is 
iently  well  scattered  to  keep  the  water  in  its  normal  stat<»,  or 
Y  so. 

Table  87. — AnaJy»'«  of  wtiter  fmm  Indian  Crvrk  anti  ririniti/. 
fPart«iM»r  million.] 


Nitr«»genaH-- 

Iljinlurss. 

^r 

of  collection. 

^ 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

Nitrites. 

7 

s 
b 

f 

1 

c 

1  if' 

u, 

^;3 
hi 

Creek 

1.5 

0. 1(« 

0.028 

O.OIN) 

0.4X0 

4.1» 

112 

•J».0  '    0.4 

O.'M 

\2 

m 

2.1 
1.7 

.128 
.086 

.oe»  ' 

.000 

.♦575 

2>».r  i     ..*) 

.01 

U 

HillC^reek 

'A 

nan  River 

1.7 

.069 

Am , 

.(«) 

.  T.'iO 

4.n 

K4 

i.va  1  5.:^ 

.lU 

a 

©jfheny  River.. 

1.5 

.128 

.062' 

i 

.(«I0  ', 

.075 

:i.  r> 

U) 

17. «  1      .4 

.01 

0 

ming  down  to  IMttsburg  again,  wc  find  a  s<»ries  of  analysos  iiuule 
e  water  just  alK>ve  the  city. 

\ble  88. — Analyses  of  wntcr  from  Monntifffthrhi  Jiinr  at  Pittshunj. 
[Part**  per  million.] 


Nitrogen  an— 

Hardn<.*Hs. 

collection. 

1 
a 

Albuminoid 
ammonia     ' 

Froe  ammo- 
nia. 

Nitntes. 

Nitrates. 

1 

1 

;  Alkalinity. 

i  . 

ii 

0 

897. 

1 

0.186   O.OHl 

0.(MK» 
.001 

0.  740 

.768 

1.121 

18. .-) 

4.8 

10.7 

154 
141 
129 

.186  1  .076 

28. 5 
19.5 

21.2 
87.8 

1.95 

it       

1.0 

.178  1  .100 

.(M)l 

1.98 

ober 

2.6 

.180  !  .119 

.000 

.979 

9.5 

145 

16.4 

41.5 

.30 

3r . 

1.2 

.408  i  .142 

.000 

1.261 

15.5 

285 

9.0 

55.2 

.15 

aher 

1.9 

.  194     . 145 

.000 

.825 

14.7 

265 

14.1 

48.4 

1.83 

iber / 

2.5  j 

.166  \  .030 

.000 

1.275 

13.1 

828 

14.8 

17.3 

2.72 
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Tablk  88.— 

-  Analyses  of 

.  il 

1   ¥ 

fritter  f nun  M 

fonouff 

aheia  River,  etc—Contmued, 

Nitro^n  a»— 

s 

Total  residue. 

'Hmrdmmm. 

Dat4^of  <x>]le(^tion. 

i 

1 
1 

Alkalinity. 

1^' 
1 

1 

1898. 

January  

2.1 

.095 

.0:«) 

.OIK) 

1.245 

9.1 

298 

13.8 

15.2        2.  or 

February 

2.0 

.177 

.021 

.(KK) 

1.500 

11.1 

219 

13.2 

22.4     i.a 

March 

2.0 

.080 

.  025 

.000 

.425 

9.3 

203 

10.4 

39.9  '       .2C 

April 

2.1 

.097 

.018 

.000 

.450 

8.2 

127 

11.5 

12.0         .M 

May 

2.8 

.  I2r, 

.026     .000 

.275 

12.1 

167 

14.6 

25.9  !       .11 

June 

2.1 

.  105 

.096  :  .(MK) 

.375 

14.2 

155 

11.2 

21.5         .01 

July 

2.2 

.126 

.041 

.000 

.825 

14.2 

170 

12.8 

:«.6 

.00 

AugUHt 

8.0 

.190 

.050 

.0(K) 

.375 

5.2 

292 

16.2 

3.2 

.01 

Altliough,  »8  lias  beeu  wtHkHl,  the  sewnge  pollution  of  the  Monon- 
gahela  is  more  extensive  near  that  city  than  in  the  Allegheny,  it  will 
be  seen  by  comparison  of  Tables  83  and  88  that  the  Monongahela  con- 
tains a  smaller  amount  of  organic  matter  than  the  Allegheny.  The 
reason  for  this  well  illustrates  what  has  already  been  said  coneeming 
the  water  of  the  Ohio  Basin.  The  normal  content  of  oi^anic  mat- 
ter is  so  high  that  under  ordinary  circumstancjes  the  organic  matter 
which  is  added  to  the  river  by  the  disposal  of  sewage  therein  doee 
not  increase  the  total  amount  to  a  significant  degree.  In  other  wordSi 
the  amount  of  organic  matter  in  the  Ohio  Basin  is  insignificant  from 
the  standpoint  of  sewage  pollution,  because  of  the  fact  that  the  unpol- 
luted water  often  carries  a  larger  amount  of  organic  matter  than  the 
sewage  brought  into  it.  The  two  rivers  under  discussion  well  illus- 
trate this  point.  We  have  in  the  Allegheny  a  "  quick-spilling"  basin, 
out  of  which  is  carried  at  times  enormous  amounts  of  sediment,  con- 
sisting in  a  large  measure  of  organic  matter.  The  river  flows  swiftly, 
and  there  is  little  or  no  opportunity  for  sedimentation,  so  that  when 
the  water  reaches  Pittsburg  its  condition  is  not  greatly  improved  nor 
changed. 

In  the  Monongahela,  on  the  other  hand,  we  have  a  slack-water 
basin.  Large  amounts  of  silt  are  poured  into  it  from  the  tributaries, 
as  large  as  or  larger  than  the  amounts  brought  into  the  Allegheny. 
Yet  because  of  the  fact  that  there  is  ample  opportunity  in  the  slack 
water  of  the  main  river  for  subsidence,  the  water  appears  better  upon 
chemical  examination  at  Pittsburg  in  spite  of  the  fact  that  compara- 
tively large  amounts  of  sewage  are  poured  into  the  Monongahela  only 
a  short  distance  above.  These  facts  illustrate  excellently  the  point 
Just  enunciated;  namely,  t\\at»  wndtat  oT^VTk%iT>?  ^Vx^^imatances  the 
amount  of  organic  matter  emptied  irom  ^^«t^  m\ft  >3afe  Q>>Ktfi^5>»»» 
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Ismail  in  eompariHOii  with  that  which  is  brought  iiit<>  tlu^  rivor  from 
atural  sources. 

This  consideration  brings  up  the  question  of  the  value  of  (IoUt- 
linations  of  organic  matter  in  waU»r,  and  simmiis  to  indicate  that 
Qch  determinations  are  of  little  aid  in  an  investigation  of  this  nature, 
[  they  are  not  indee<l  entirely  useless.  At  all  events,  on<»  should  l>e 
fery  careful  in  regard  to  his  premises  before  attempting  to  draw  c<m- 
lnsious  from  determinations  of  organu*  matter. 

MAHONING    RIVER. 
NATURAL   RESOrRCKS. 

Draimuje  area, — The  area  of  the  Ohio  l>asin  next  Inflow  tho  con- 
luence  of  the  Allegheny  and  the  Monoiigahela  riv<M-s  in  which  inves- 
tigations have  been  made,  the  results  of  which  have  been  published, 
kthatof  Mahoning  River.  This  riv(»r  drains  1,:J(K)  squar<»  miles  in 
fhe  eastern  part  of  Ohio,  being  l)ounded  on  the  north  by  the  Lake 
Brie  divide  and  on  -the  south  by  the  Muskingum  and  sev(M-al  other 
Bmall  streams,  which  enter  the  Ohio  direct  (see  tig.  h^i). 

The  Mahoning  rises  in  Columbiana  County,  Ohio,  Hows  through  the 
northeast  comer  of  Stark  County,  and  then  by  a  circuitous  coui-se 
enters  Portage,  Trumbull,  and  Mahoning  counties,  flowing  (ii-st.  in  a 
northeasterly  and  then  in  a  southeasterly  direction,  crossing  the  Ohio 
line  and  emptying  into  Beaver  River  in  lN»nnsyIvania,  -^  miles  from 
the  Ohio  boundary.  Beaver  River  in  turn  enters  the  Ohio  40  miles 
Wow  Pittsburg. 

The  bsisin  of  the  Mahoning  is  rolling  in  some  portions,  while  in 
others  it  is  decidedly  flat.  It  is  rich  in  minerals  and  is  extremely 
fertile.  The  valley  is  an  imx)ortant  nmnufacturing  place  and  is  well 
ropplied  with  transportation  facrilities.  Under  such  favorable  cir- 
.cumstances  the  poi)ulation  is  rapidly  incn^asing  and  the  country  is 
uncommonly  prosi>erous. 

Power. — Tlie  Mahoning  is  one  of  thc^  best  X)ower  streams  in  the 
Ohio  Basin,  and  has  been  deveh>ped  to  an  unusual  extent  as  eom- 
pared  with  other  streams  in  this  part  of  the  country.  Prof.  Dwight 
Porter  states  that  in  the  year  1S8()'^  'M)  mills  were  situated  ui)on  the 
river,  utilizing  a  total  fall  of  442^  f(»et,  developing  a  horsex)ower  of 
1,140.  It  is  probable  that  numerous  changes  have  be(»n  made  since 
that  time  in  conformity  with  the  decline  of  Ohio  power  values,  and 
the  figures  are  not  ax)plicablc  at  the  present  date.  The  x)ower 
<leveloped  is  applied  almost  entirely  to  the  grist  and  lumber  business. 

FhxL\ — There  appear  to  b(»  no  satisfactory  gagings  of  the  flow  of 
the  river.  In  the  report  of  the  Ohio  Slate  Board  of  Health  for  1S98 
there  are  given  the  results  of  a  few  measurements  covering  a  [K»riod 
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of  five  inontliM  during  a  very  dry  neasou,  but,  as  explained  i:i  t 
reiM)rt,  llu?  gagings  were  attended  by  unfortunate  cireuuiHtaii 
whieh  ahnost  entirely  vitiate  their  value,  and  they  were  not  in  i 
event  continued  for  a  sufficient  period  to  indicate  the  normal  floi 


•smiles 


Fid.  15.— Mahoning  River  drainage  baain. 


the  stream.     The  common  observation  is  that  the  river  fluctu 
widely  and  is  subject  to  fresliets. 

CHAKACTEK   OK   WATEK. 

No  reconls  of  examinations  of  unpolluted  water  in  the  Malioi] 
Basin  have  been  found.  The  excellent  work  of  the  SUite  Boaw 
Health  was  confined  to  districts  undoubt-edly  polluted  and  there! 
gives  no  idea  of  the  character  of  the  normal  water  in  this  basin, 
is  pro])able  that  tlio  unpolluted  surface  water  in  the  Mahoning  Ba 
does  not  differ  widely  in  character  from  that  indicated  by  the  analj 
of  the  water  of  the  river  above  Alliance,  which  will  be  shown  below 

AUJanee  is  a  city  of  8,974  inhabitants  (census  of  1900),  and  is  si 
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in  the  upper  jMirt  of  the  Malioiiiii^  Biisiii.  Therefore  it  is  the 
of  the  extensive  i>ollution  for  that  iMisiii.  A1)ove  AUinnce  the 
lage  arc^a  eomprlHes  73  sc^uare  niiies,  and  the  i>opiihition  is  not 
pom  CO  x)er  square  mile.  There  are  no  mills  nor  fa<^tories  on  the 
,  and  the  country  is  largely  devotiHl  to  man iifa<*tu ring  and  <lairy- 

There  are  six  small  villages  on  the  river,  the  largest  having 
ably  no  more  than  300  inhabitaiit^:^.  Under  some  circumstances 
erous  pollution  might  arise  at  two,  North  GcM>rgetown  and  Damas- 

Two  miles  above  Alliance  is  situattnl  the  Fairmont  Children's 
e,  which  shelters  about  2(K)  ixjrsons,  and  poure  raw  sewage  into 
river.  Under  such  circumstan(fes  when  the  water  reaches  the 
ce  of  the  Alliance  Waterworks  it  is  generally  in  an  acceptable 
ition,  but  is  subject  t<i  the  dangers  above  noted.  The  intake  is 
down  toward  the  center  of  the  city,  so  that  there  is  undoubUnlly 
t^in  amount  of  cont>ami nation  from  Alliance  itself. 


Table  89. — Analynea  of  irater  fntm  Mtihtminy  River  idnnHi  AUUuuv, 

[PartH  iM*r  million.  ] 


Nitn)g«'n  iim- 

HardneHH. 

r>n. 

Turbidity. 

1 

'd 

1| 

It 

H 
I 

* 

'£ 

i 
t 

1 

1 

Jir7. 

1 

i 

19    ... 

None 

4.5 

0.52H 

0,  l.-JG  :0.iM2 

0.  28 

1.5  1  240 

no 

36 

34 

Slight 

7.0 

,478 

.120      .010 

.2H 

.2      175 

70 

88 

3  .    .. 

Distinct 

4.0 

.;^90 

.  004      .  (H)5 

.07 

2.  ;J     400 

18(5  ^     54 

29  . . 

None 

1.5 

.  \m 

.050  1   .(MKj 

.00 

8.0     415 

182  1     58 

J7    .  - . 

Very  slight-. 

2.0 

.  150 

.(KM)      .000 

.00 

8.2     410 

204 

54 

26  ... 

Decided 

10.0 

.  503 

.114      .(M)7 

1 

0.  5 

2.8  1  470 

78       (54 

v^Tu.irt\ 

;{70 

100       n(Mi 

.21 

2     1          -^"i*^ 

180  '     -"'^ 

^-\ """"1 

Liring  the  jieriods  covered  by  the  alK)ve  table  the  rainfall  at  Akron, 
nearest  weather  observation  station,  was  as  follows: 

Table  [H).—Iiainfall  at  Akron,  Ohio. 


JfaU 
iation. 


Jimo. 

1.55 
2.H1 


July. 


AiijfUHt.  I  '"^'iJl;;'"-    (>t:t«»Wr. 


5.  ()(> 
-1.20 


2AH)  , 
.85  , 


1.07 
2.12 


1.65 


NovtMii-  I    Wh<)l«» 
lH»r.      I   ixjriocl. 


4.Hf 
1  1.69 


I 


17.16 
8.16 


'he  city  of  Alliance  is  provided  with  a  system  of  water  suyply^and 
nxmsnmption  approachas  5,000,000,001)  gallons  OLavY^.    ^\ifc^ftw^^- 
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age  Hystein  introduced  in  ISOG  has  l>een  well  extended,  and  in  i 
year  1898  poured  into  the  chemical  i)recipitation  works  300,0(X)gall< 
of  sewage  daily.  The  purification  works  do  not  seem  to  be  extrem 
efficient,  if  we  may  judge  from  the  analyses  and  bacteriological  exai 
nations  made  by  the  Ohio  State  Hoard  of  Health.  The  report  of  i 
bacteriologist  in  the  year  1898  makes  the  following  statement  w 
reference  to  the  Alliance  sewage  disposal: 

At  this  town  there  iH  in  operation  Hewage-disposal  works  which  take  care 
the  sewage  by  chemical  precipitation.  Examinations  made  at  the  works  tb 
selves  showed  that  so  far  from  this  method  destroying  l^acteria  or  lessening 
nimiber,  the  effluent  from  the  works  which  discharged  into  the  river  was  nu 
times  richer  in  bacteria  than  the  original  sewaige,  though  the  curve  in  gem 
rvaiH  parallel  with  the  curve  above  the  station. 

Tablk  91. — Analyses  of  trater  from  Mahoiiiiuj  River  Inrhtw  Alliance, 
f  Partw  ix«r  million.  \ 


1 

Nitrogen  um- 

Hardnea 

iMte  t»f  col- 
lection. 

Turbidity. 

2  . 
(^.>lor.       §1 

II 

H 
I 

■ 

Nitrates.          ' 

1 

1 
Chlorine. 

1 

Alkalinity. 

^ 

1897. 

1 

June  19  - 

None 

3.0   0.422 

i).  200 

0.022 

0.07 

3.0 

310 

xm 

July24.... 

SUght 

8.0      .520 

.  liK) 

'  .020 

.  33 

.2 

165 

56 

Sept.  2... . 

...do  .   .. 

:i.O      .422 

.  122 

.015 

.12 

4.8 

410 

K^ 

Sept.  21) . . 

None     _. 

2.0    .ms 

.473 

.  035 

9.0 

415 

170  j 

Oct.  27 .   .  - 

...do     ... 

4.0  1  .35(5 

2.100 

.055 

.03 

15.5 

480 

216  ! 

Nov.  2fi      . 

Decided . 

5. 0      .  31K) 
.      ..    .412 

!  .170 

1  .022 

.  028 

1 

.54 

.18 

4.5 
0.2 

380 

102  ! 

1 

Average. 

.544 

;r>8 

135 

The  next  important  center  of  population  bellow  Alliance  is  Warr 
in  Trumbull  County,  which  in  1000  had  S,5LM)  inhabitants.  The  ai 
of  the  watershed  aliove  Warren  is  not  far  from  GOO  miles,  and  1 
density  of  the  rural  population  is  alK)ut  45  per  square  mile.  Betw( 
Alliance  and  Wari^en  there  are  a  large  number  of  small  country  \ 
lages,  having  a  population  of  3,500  or  4,000,  the  most  important  bei 
Newton  Falls  and  Leavittsburg.  At  both  of  these  places  dangerc 
pollution  may  be  e.\i)ecti^d,  fus  well  as  from  the  Trumbull  Coui 
Infirmary,  which  contributes  a  certain  amount  of  sewage  above  t 
intake  of  the  Warren  waterworks.  The  river  receives  eont>aminati 
from  these  three  i)oint8,  from  Alliance,  and  from  the  storm  sewers 
Warren,  which  enter  the  river  jnst  above  the  waterworks. 
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Table  92. — Analyses  of  ttaterfrom  Mahwiing  River  oImh^  Warren, 
[Partn  per  million.] 


NitniK^»n  an-  - 

r>f  ool- 

Turbidity. 

Color. 

1 

1 

97. 

18.... 

None -- 

0.8 

0.370 

0.0«2 

0. (K)2 

«  ... 

Decitle<l 

12.0 

.00« 

.  156 

.010 

W  ... 

Very  Hlight . . 

3.0 

.3:m 

JHVi 

.000 

\0  ... 

do 

1.5 

.IHO 

.  03r» 

.  005 

s 

Slight.. 

3.0 

.15H 

.018 

.000 

J7 

Decided 

7.0 

.440 

.074 

.  000 

•rage 

3.0 

.:U8 

.008 

.(X»4 

Harduetw. 

1   I  I'' 


.  'J3 


MM) 

130 

245 

.00  '  4.2  I  275 


2. 0 
.3 


I 


.(M)  3.7  ,  235 

I  I  I 

.85  3.3  I  205 

.2(»  I  2.8  !  213 

I  I 


02  , 

I 
30  I 

100 

124 

140 

54 


1. 


01 


10 
22 
28 
32 
14 
4(i 

20 


ivddition  to  this  the  industrial  pulhition  is  extensive.  AVitliin  tho 
ire  situated  numerous  works,  sueli  as  a  rollin^^  mill,  tube  works, 
inst*ed-oil,  flour,  and  paint  mills,  as  well  as  a  ^alvanizin*:  plant, 
which  large  quantities  of  waste  aeid  are  turned  into  the  river. 

ABLE  93. — Analysett  of  tiHiter  from  the  Mahonintj  Jiivrr  hvlow  Warren. 
[Parts  iM»r  million.] 


Nitrn^rn  ax 

Hardiu'ss. 

>fPOl- 

ion. 

Turbidity. 

Col(»r. 
10.0 

•5  * 

'11 

'o.  552 

f  i  ? 

0.204  ,(».01() 

1 

I 
'A 

0.  28 

i 

2.1 

-5 
1 

170 

< 

u 

54.... 

Decided 

1 
40       :{0 

28.... 

Very  Blight.. 

3.  5 

.430 

.  000      .  00 1 

.  00 

4. 5 

2:55 

00 

2(; 

30.... 

do 

1.5 

.194 

.070      .005 

.00 

8.7 

275 

120 

18 

8 

Slight 

3.0 

.  304 

.102  '  .017 

.13 

42.5 

3:i5 

130 

30 

27.... 

Distinct 

8.0 

.454 

.008  .  .017 

1 

.80 

5.0 

270 

50       50 

srage. 

5. 2 

.  387 

.114  ,  .011 

'^7 

!..« 

257 

00       33 

16  next  important  place  on  Mahoning  River  below  Warivn  is 
3,  which  has  a  population  or  7,408.  Betwecni  AA'arren  and  Xiles 
B  is  little  pollution  of  a  dangei*ous  cliaraeter,  and  the  water  which 
hes  the  latter  place  is  not  materially  diflfeivnt  from  that  shown  in 
ie  93.  At  Niles,  althougli  there  is  no  complet/e  system  of  sewers, 
wUatioD  18  extensive  and  dangerous.     TYiexe  at^  i^ToXi^XA^  «Xi«viX 
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50  house  connections,  with  short  lines  of  pipe;  but  in  addition  to  t] 
there  are  works  which  ci)ntribute  waste,  notably  a  tin-plate  and  i; 
galvanizing  plant,  which  discharge  chemicals,  mostly  of  an  ad 
nature,  into  the  river.  During  the  summer  of  1897  the  river  was  dis 
colored  for  9  miles  below  Niles  and  many  fish  were  killed.  In  additiii^ 
to  this  the  outhouseis  conncK»t^l  with  the  industrial  plants  are  situata 
upon  the  edge  of  the  stream,  as  is  also  that  of  a  large  schoolhoiua 
The  pollution  is  therefore  constant  and  dangerous,  especially  in  viei 
of  the  fact  that  this  place  is  only  alwut  10  miles  above  the  intake 
the  Youngstown  wat<»rworks. 

Analyses  were  ma<le  of  water  taken  from  the  river  below  Niles,  aiu 
a  comparison  of  the  results  with  those  of  analyses  of  water  tak 
below  Warren  shows  increased  pollution.     As  will  be  noted  by  ooi 
parisons  of  Tables  93  and  94,  the  increase  in  chlorine  is  enormoi 
This,  however,  is  not  due  entirely  to  sewage  pollution,  but  arises  fi 
the  influx  of  water  from  several  salt  springs  in  the  vicinity  of  Ni 

Table  94. — Analyses  of  tcater  from  Mahoning  River  belote  NUes. 
[Partu  por  million.] 


Tnrhidity. 

Color. 

Nltropfen  aH — 

Ni- 
trates. 

Chlo- 
rine. 

Total 
resi- 
due. 

Hardnenw 

Thii4i  of  col- 
lection. 

Albu- 
minoid 
ammo- 
nU. 

Free 

ammo- 
nia. 

Ni- 
trites. 

Unity.    ,J3J^ 

1898. 

June  18 

a.  5 

0.392 

0.126 

0.  007 

o.a5 

4.0 

200 

102      n 

July  23  .... 

Decided . 

12.0 

.620 

.144 

.010 

.25 

.3 

135 

34           i« 

Aug.28.... 

Slight- -- 

3.0 

.328 

.130 

.005 

.01 

4.5 

255 

100       at 

Sept.  1^0.... 

None 

2.0 

.208 

.078 

.004 

.00 

4.5 

245 

124          IS 

Oct.  28 

Slight... 

3.0 

.268 

.244 

.001 

.06 

6.2 

250 

140           S 

Nov.  27.... 

Decided  . 

10.0 
r,.  5 

.516 

.09(5 

.009 

.008 

.88 

3.3 

233 
220 

54          4$ 

Average . 

.389 

.136 

.21 

3.8 

92        11; 

The  next  important  center  of  population  l)elow  Niles  is  Youngs-j 
town,  the  largest  ciity  on  Mahoning  River,  containing  44,885  inhabitr 
ants.  The  area  of  the  Mahoning  Basin  above  Youngstown  is  approxi- . 
mately  OCX)  miles,  about  50  per  cent  of  the  poi^ulation  of  which  is  urhaik. 
Between  Niles  and  the  water-supply  intake  at  Youngstown  the  prill*; 
cipal  points  are  Cortland,  Mineral  Ridge,  Canfield,  Mahoning  Citifj 
Infirmary,  Girard,  Columbiana,  and  a  part  of  the  city  of  Youngstowa^ 
itself,  containing  approximately  nearly  10,000  persons.  These  repre- 
sent a  total  population  of  16,352. 

The  pollution  from  these  centers  is  not  extensive,  and  only  tliafc 
from  the  upper  end  of  Youngstown  may  \>^  \^Tm»^  ^ASi^Tona.    Tb# 
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Bmlity  of  water  as  it  arrives  at  the  Younj;j:AU)wii  intake  in  therefore 
Bperior  to  that  which  leaves  Niles. 

TaBLR  95. — Analyses  of  tcaterfrom  Mnhoniny  Hirer  alnrrt'  YoHngsUncn, 

LPartri  per  million.] 


of  col- 


I 


Nitrr»Kon  an— 


1897. 

(ept.  80... 
M.2H.... 
•"or.  27  . . . 

Arerago. 


Turbidity. 


None 

Decided 

Very  nliKht. 

None  _ 

do 

Distinct 


Color. 


3* 


5.0   0.424   0.004 
25.0  I  .710  I  .120 

.4.%     .112 

1.5  I  .11>2     .050 

a.O      .1«4      .052 

20.0      .3S0      .000 


10.8  ,  ..S91      .OSH      .004 


is 


I 

.      I 

08 

u 

,    2 


0. 001 
.  005 

,  oo:j 

.004 
.004 
.000 


0. 05 
.IH 
.07 
Tr. 
.04 
.40 

.i:{ 


5. :{ 

4.0 
i:^5 
15.2 

5. 0 


I 


HaiHlnem. 


t-        M 


245 

I  145 
I  200 

I  :co 

I  8S0 
I  255 


<    \7\ 

i;o 

22 
50 
K8 
100 
04 


200  I  71 


28 
20 
24 
86 
00 
54 

46 


For  Home  inileH  the  Mahoning  Riv<M*  flows  through  Yonngst4)wn. 
rhe  city  is  provided  with  interc*epting  sow^m-s,  whi(*h  cnrry  all  s<*wage 
lelow  the  water  intake  and  dischargo  it  into  the  rivor  dinM't.  After 
he  wldition  of  this  sewjvge  the  wator  luis  tho  rharactrr  shown  in  the 
ollowiiig  tahh!t. 

Table  96. — Analysts  iif  iratrr  frnm  Mnlmiiimf  liinr  ln'Utir  YnuiHistiurn. 

(Piirts  p'T  inillioTi.  | 


I 


Xitrojjj'ii  us 


HHr<lii«»«8. 


Date  of  rol- 

TnrWdity. 

:  Color. 

r 

c 

•B 

1 

'Pi 

1 

1897. 

I 

nne  18  .... 

None 

4.0 

o.4:m 

0.  100 

>.015 

0.  H) 

7.(» 

225 

\)C,       28 

uly28.... 

Decided... 

'i5.(> 

.  1M)S 

.120 

.010 

.'M 

.  5 

220 

20      :w 

Lng.  28... 

Very  slight 

s.  5 

.450 

.21S 

.(115 

.27 

i\.  5 

215 

04       28 

Iept.80  .... 

None 

2.0 

.  20S 

.  2:^0 

.  0:^0 

.!>< 

IH.O 

:M)0 

114       70 

)ct.28 

do 

5.0 

.  454 

.  750 

.  002 

.27 

25. 2 

405 

180       78 

^OF.27.... 

Digtinct... 

i  20.0 

.400 

.  150 

.017 

.  50 

5.  7 

2Ha 

52       58 

Average. 

1 

10.5 

/ 

.407 

.272 

.(sm 

.2H 

10.  r^ 

\2«(^ 

l*\""^ 
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of  water  taken  from  Black  Fork  above  Shelby,  which  is  reprodi 
below. 

Table  97. — AiialyaeH  of  tenter  frmn  Black  Fork  above  Shelby. 

[PartA  per  million.] 


Nitrosren  ai*— 

HardneRs. 

c 

Date  of  col- 
lection. 

i 

u 

•0 

si 

SB 

6 

1 

i 
1 

1 

i 

1 

"3 
< 

Normal  hard- 
nem. 

J 

1899. 

h 

Maya..... 

18 

W" 

0.160 

0.071 

0.008 

0.06 

4.1 

406 

197.6 

33        - 

May  29.... 

28 

e 

.660 

.110 

.002 

.11 

Tr. 

9.56 

1^.8 

13.9  :.. 

June  37  .  -  - 

25 

V 

.174 

.070 

.002 

.10 

1.5 

354 

176.8 

33.8  1  + 

July  18.... 

30 

e 

.268 

.061 

.016 

.06 

.9 

407 

153.6 

84.8  |f 

Aug.  17... 

20 

V 

.246 

.088 

Tr. 

.02 

4.3 

428 

191.6 

81.6 

Sept.  18... 

16 

V 

.166 

.053 

Tr. 

.03 

2.1 

411 

191.4 

59.2 

+ 

Oct.  12... 

25 

None. 

.146 

.033       Tr. 

.00 

1.3 

414 

227.4 

48.2 

1 

Nov.  17... 

45 
26 

e 

.  132 
.245 

.018     .004 

.02 
.05 

1.7 
2.0 

468 
480 

181.8 

98.6 
56.6 

- 

Average. 

.063     .004 

180.1 

"  w.  w<K>dy:  «»,  tiarthy:  v.  vejfetable. 

The  results  al>ovo  roportcMl  indicate  that  the  water  analyzed  ( 
tained  considerable  ()rii:ani<^  matter,  which,  if  we  may  judge  from 
conditions  existing  in  the  contributing  drainage  area,  is  of  vegeti 
origin.  The  water  is  not  highly  colored  and  there  is  no  indicat 
that  pollution  exists  other  than  that  inevMtably  arising  from  deca 
vegetation.  The  free  ammonia,  nitrites,  and  chlorine  are  low; 
water  cont^iins  a  comparatively  large  proportion  of  alkaline  ss 
which  cause  a  high  degree  of  hardnc^ss.  It  is  evident,  however,  1 
nearly  75  per  ccmt  of  these  salts  are  carbonat  es.  In  general,  the  se 
of  analyses  is  important  because  it  is  oiu*  of  a  very  few  avails 
reports  upon  a  normal  or  practically'  normal  surface  water  in 
northern  drainage  basin  of  the  Ohio  River. 

For  purposes  of  comparison,  analj'ses  of  water  from  Black  F 
bidow  Shelby  were  made  by  the  State  Hoard  of  Health,  the  sam] 
being  collected  at  the  same  time  as  were  those  reported  in  Table 
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o  liead  of  Black  Fork  the  basin  is  a  sparsely  settled  ajcricul- 
e*5rion,  coiitAining  only  four  small  hamlets,  the  larjjest  having 
»re  than  150  inhabitiints.  Shelby,  a  growing  manufacturing 
lavinjjC  a  i)opulation  of  4,085,  is  the  highest  point  of  appreciable 


Fn;,  1»».-  Muskiiij^uni  River  drainage  l»asin. 

tion.  The  run-o(T  water  from  the  area  above  this  place  is  prob- 
nearly  normal. 

0  Ohio  State  Uoard  of  Health  has  made  a  faithful  survey'  of 
)asin,  and  a  series  of  chcnnical  examinations  was  nuule  during 
ipring,  summer,  and  fall  of  the  year  ISOO.  In  the  \iubli8Ued 
f  of  this  work  there  appears  a  series  oi  a\i«L\v%^^  ^^  ^'^'ascs?^^^^ 
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of  water  taken  from  Black  Fork  above  Shelby,  which  is  reproduced 
below. 

Table  97. — Amilytu'tt  iff  ttaterfrom  Black  Fork  above  Shelby. 
[Parti*  per  millicm.] 


i 

u 

Nitrogen  a«- 

i 

1 

i 

Hardnefls. 

_i^ 

Date  of  col> 
lection. 

II 

1 

2 

1 

1 

•2       III 

it  lii 

I«d9. 

IndM. 

Maya 

18 

W« 

0.160  10.071 

0.008 

0.06 

4.1 

406 

197.6 

33        -2.15 

May  29... 

28 

e 

.660  '  .110 

.002 

.11 

Tr. 

956 

120.8 

18.9  { 

June  27  . . . 

25 

V 

.174  1  .070 

.002 

.10 

1.5 

854 

176.8 

88.8    f  .44 

July  18.... 

80 

e 

.268  '  .061 

.016 

.06 

.9 

407 

153.6 

84.8 

+  .29 

Aug.  17 . . . 

20 

V 

.246 

.088 

Tr. 

.02 

4.8 

428 

191.6 

81.6 

2.21 

Sept.  18... 

16 

V 

.166 

.  058 

Tr. 

.08 

2.1 

411 

191.4 

59.2 

+1.31 

Oct.  12... 

25 

None. 

.146 

.088       Tr. 

.00 

1.8 

414 

227.4 

48.2 

f  .06 

Nov.  17-. 

45 
26 

e 

.132 
.245 

.018  i  .004 

1 

.02 
.05 

1.7 
2.0 

468 
480 

181.8 

98.6 
56.6 

-1.62 

Average. 

.068 

.004 

180.1 

'« w,  wocHly:  e,  earthy:  v,  vejfetable. 

The  results  al)ove  n^ported  in(lieat<^  that  the  water  analyzed  con- 
tained considerable  on^anic  matter,  which,  if  we  may  judge  from  the 
conditions  existing:  in  the  <M)ntribntin^  drainage  area,  is  of  vegetable 
origin.  The  water  is  not  highly  coloi*ed  and  there  is  no  indication 
that  i>ollution  exists  other  than  that  inevitably  arising  from  decayed 
vegetation.  The  free  aniinonia,  nitrites,  and  chlorine  are  low;  the 
water  cont^iins  a  comparatively  large  proportion  of  alkaline  salts, 
which  cause  a  high  degree  of  hardn(\ss.  It  is  evident,  however,  that 
nearly  75  per  cc^nt  of  theses  salts  are  carbonat  <»s.  In  general,  the  series 
of  analyses  is  important  because  it  is  one  of  a  very  few  available 
reports  upon  a  normal  or  practically  normal  surface  water  in  the 
northern  drainage  basin  of  the  Ohio  River. 

For  purposes  of  comparison,  anal^'ses  of  water  from  Black  Fork 
Ijtdow  Shelby  were  made  by  the  State  Hoard  of  Health,  the  samples 
being  collecte>d  at  the  same  time  as  were  those  reported  in  Table  97. 
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Table  9S.— Analyses  of  xmterfrom  Blcick  Fork  1)elow  Shelby, 
[Partw  p(*r  million.  ] 


Dite  of  collec- 
tion. 


1897. 
Maya.... 
IUy29... 
fmie27.. 
^Blyl8... 
^ng.l7.. 
leptlS.. 
)ct.l2  6., 
W.17... 


ATenge. 


20 


26 


s 


e 
d 

V 
V 

Cattle 


m 


11 


0.238 
.530 
.198 
.352 
.236 
.442 


roifuii  aH— 

1 

s 
s 

1 

0.06 

s 

11.7 

0.015 

.032 

.15 

7.8 

.034 

.12 

12.5 

.022 

Tr. 

.002 


.100     .014 
.299  ;  .017 


1.25 
.05 
.06 


.06 


6.3 
28.3 
32.1 


S 

o 


538 
435 
473 
383 
810 
959 


Hurflne^4H. 


115.8 
103.0 
137.8 
110.2 
57.2 
90.4 


is 


c 


100.9 

54.1 

87.0 

88.8 

327.6 

350.6 


8.7  I     598 


25      15.3       599       98.8 


225.6 
176.4 


Jitvfies. 

2. 15 

■f-  .44 
1    .29 

-2.21 

i  1.31 

f0.06 

1.62 


•d,  diaaerreeable;  e«  earthy;  v,  veg»*tablo;  in,  moldy. 


'»N<»  water  flowiniT- 


The  effect  of  pollution  from  Shelbj'  is  evident  in  the  analyses  above 
sported.  There  is  a  significant  rise  in  the  proportions  of  free 
ammonia,  nitrites,  and  chlorine,  wiiich  <»aii  be  due  to  nothing  else 
luin  sewage  pollution.  It  is  wortliy  of  note  that  there  is  a  great 
iumge  in  the  character  of  th(»  alkaline  siilts  contained  in  the  water. 
Ilemarkecl  decrease  in  alkalinity,  jicconipanied  by  the  incn»ase  in 
)onnal  hardness,  shows  that  through  some  influence,  probably  by 
he  discharge  of  some  chemical  at  Shelby,  the  carlK)nat<\s  have  l>een 
hanged  to  sulphates  or  chlori<les. 

Black  Fork  is  joined  by  Hock}'  Fork  al)out  3r)  miles  below  Shelby, 
•Otthe  intervening  country  is  sparc(^ly  settled  and  then*  is  little*  fur- 
her  material  pollution  except  that  from  Ri<Oimond  County  Inlirmary. 


ROCKY   FOKK. 


The  drainage  area  of  Ro(fky  Fork  li<\s  in  tlu^  central  part  of  Ilich- 
*ud County,  immediat<»ly  south  of  that  of  Black  Fork.  During  past 
'^rg  it  has  been  one  of  the  most  grossly  polluted  streams  in  Ohio, 
because  of  the  discharge  into  it  of  raw  sewag<»  from  Mansfield,  a  city 
'  17,640  inhabitants.  The  condition  of  the*  stream  below  this  city 
^  been  so  offensive*  that  it  lK*cam(»  necessary  t^)  establish  a  system 
'sewage  disposal.  The  Ohio  State  Hoanl  of  Health  examined,  pre- 
^008  to  the  installation  of  this  disposal  plant,  two  series  of  samples 
'  water  from  Rocky  Fork,  one  of  the  sampUng  pomt^  \>^\\i^  \wi»Xfe^ 
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abovt^  the  city  and  the  other  below.  That  jmrt  of  the  tlrainajxe  arrt 
above  MiinRfield  com  prison*  a  country  richly  fertilized  for  a^nciiltuiil 
purpo^B,  and  the  run-ofT  18  tlierefore  not  normal  for  the  basin. 


Tabkk  9B.--Avrrfigm  uf  mvtijfuten  of  tmtvr 

from 

Rochy  Fork 

,  ftlirm  and  f«bM| 

[VatU  pw  mUllon.] 

1 

NitFOffenaii- 

HATidneH. 

tJ 

PU^ptsorr^Upctlen, 

1 

1 

Pet 

1 

s 

1 

1 

!5 

AImIVP       MftHH- 

• 

-.       --     .          ^^      . 

Mtl       .    ...J 

90 

-...  0.3M3 

aaii 

Qjm 

OJW 

3,» 

,^ia 

ieft.7  Ui».o    i 

BhIiiw    Mftiifl- 

■ 

nm 

23 

ff'j  ,418 

J 

,0N8 

Aim 

.t4 

10.7 

rm 

146,1     55,fi      t 

It  Ih  lianily  ntH^essary  t-o  eomiiieiit  on  the  tiontrawt,  offered  liy  tb» 
two  averngew  B**t  ftjrtli  in  the  above  tabh^  The  sc'cond  statement 
shows  an  enoniioiis  increase  in  organic  matter,  in  chlorine,  and  in  all 
other  roTistilucnt.s  winch  ficrvc  to  indicate  extensive  sewafje  jmjHh" 
tion.  It  is  helicviHl  that  th*^  river  liaH  Ihhmi  improved  sincte  the  cstafr- 
lishment  of  the  Mansliehl  sewa^^  purifteation  woiks,  but  an  analytical 
proof  is  not  at  hand. 

Hetween  the  jnnc*tion  of  Rocky  Fork  and  Itlack  Fork  and  (Im? 
en t. ranee  of  t-lear  Fork  is  1  lit*  villaK**  of  Loiid(*nHVilh\  eoiiUunin^  l^^^ 
inhabitants.  Then*  is  no  public  Avater  supply  or  sewenige  S3'sti*m, 
but  thcT^c  is  m*vertlielcss  tMuisiderable  drainafje  into  the  stream  hypn- 
vate  sewi*!*^,  dit**hes,  and  sutlers. 

Clear  Fork  appears  lo  be  a  ctnnparatively  clean  sti*eani,  the  princi- 
pal rentier  of  popnhition  within  its  drainaire  area  being  Belmont 
whifth  has  a  population  of  I,n:}ti. 

JKKOMK  FORK. 

At  the  conflnenci*  of  lilaek  and  Jerome  forks  it*  the  head  of  Mohfaw 
Riv<^r,  Jerome  Fork  drains  the  greater  part  of  Ashland  C'ounly  ftoJ 
the  west<*rn  iiortion  of  Wayiu^  County,  The  only  pla<*e  of  in^IW^ 
tance  upon  the  stream  is  the  city  *rf  Ashland,  with  4,087  iuhabitantii 
provided  with  a  wat^^r  supply'  and  sewerage  system. 

MOHICAN  RIVRR. 

From  the  above  statements,  it  is  clear  that  the  water  coutrihotrf 

*Mohmin  River  l>y  the  iv\\>utarveft  AeM*YV\>^v\  \?^\kfL^^  \iK:?C^x\V>4  an^  ' 

little  value  in  its  raw  state  as  a  wat^T  ^xx^^^^s-    TYm^  T^iaaSoAs^^ 
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lie  rtdsouTces  vested  in  the  water  of  this  Htreniu  are  probably  not 
reatly  affected  by  pollution. 

OWL  C^KKKK. 

Mohican  River  flows  nearly  due  Houth  to  its  eonfluen(*e  with  Owl 
>eek,  and  there  are  ui)on  its  banks  no  ini|>ort-ant  centers  of  popula- 
ion.  'ITie  water  flowing  in  the  channel  must,  therefore,  constantly 
improve  in  quality.  Owl  Creek,  however,  is  a  different  stream;  it 
drains  the  greater  part  of  Knox  C-ounty,  and  extends  to  the  Scioto 
River  divide.  The  country  is  level  and  is  a  very  fertile  agricultural 
ngion.  In  the  middle  of  the  drainage  area  is  the  city  of  Mount  Ver- 
nm,  having  a  population  of  0,033.  It  is  a  rather  imiK)rtant  nmnufac- 
tnring  town,  although  it  has  not  grown  much  during  the  last  decade. 
A  water  supply  and  a  system  of  sewerage  has  bt^en  provided,  the  lat- 
ter emptying  directly  into  Owl  Creek.  There  is  also  considerable 
tarfaee  pollution  f  i-om  vaults  and  (*esspools.  Above  the  city  of  Mount 
Vernon  there  are,  in  Owl  Creek  B^isin,  several  small  villages,  which, 

together  with  the  richly  fertilized  fields,  cont  ribute  a  suflicient  amount 

of  pollution  to  the  river  to  materially  <*hange  the  quality  of  the  water, 

which  would  otherwise  be  normal. 

Table  100. — Averages  of  analysea  of  tenter  from  Owl  Creek  alMveandhelow  Mount 

Vernon. 

[PartM  per  milliuii.] 


II 

i 

KltlHWL'11  fW— 

1L 

PI 

1 
1 
3 
y 

HMfdrnfflH. 

1 

Itn  uf  DoHeetfnn. 

1^ 
It 

6 

i     i 
t  J  s 

1 
1 

% 
< 

loa.Q 

190.7 

ibore    Mount 
Vwnon  ...... 

Below  Monnt 
Vtmoii 

13 

14 

0« 

o.oim 

.121 

;i.l 

2oa 

'«o,  oily;  M,  musty. 


KH.LBUCK   ('RKKK. 


Killbuck  Creek  enters  Mohican  River  a  slurt't  distance  below  the 
mouth  of  Owl  Creek.  It  drains  a  large  part  of  Wayne  and  Holmes 
«)aiities  and  a  small  part  of  Coshocton  County.  At  the  heiidwatei*s 
^rfthis  stream  is  a  comparatively  large  rural  population,  the  principal 
centers  of  which  are  Warsaw  and  Creston,  while  the  highest  town  of 
importance  is  Wooster,  a  city  of  0,00:5  inhabitiintw. 

Above  Wooster  two  points  were  selected  b}^  the  Ohio  State  Board  of 
Health  for  the  collection  of  samples  of  water  for  analysis;  one  in  Kill- 
iHick  Creek,  above  the  mouth  of  Apple  Creek,  which  flows  in  at  Woos- 
ter; one  in  Apple  Creek  above  Wooster,  and  the  third  b^Uiw  W^yi^iti^x^ 
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the  latter  representing  h  mixture  of  waters  from  both  Killbuck  ai 
Apple  <;reeks.  Al)ove  Woost^r  on  Apple  Creek  are  the  Wayne  Coim 
Childrens'  Home  and  the  Wayne  County  Infirmar>%  which  pollute  tl 
water  of  the  stream  to  some  extent.  At  Wooster  are  Wayne  Collfl| 
and  several  industrial  establisliments. 

AveriiyeH  of  unalyHcs  of  water  from  Apple  mid  Killbuck  creeks  abc 
Wooster  and  from  Killbiick  Creek  Ijelotc  Wooster. 

[Part**  per  milUon.] 


Tablk  101.- 


Nltnufen  ai*— 

I 

HardneeB. 

1 

a 

PlairH  \it  «*o1Uh'- 
tion. 

u 

a 

1 

1 

1 

3 

Alkalinity. 

i 

Killbuck  Creek 
alH)ve  Woos- 
ter   

a8 
1» 

None. 

0.3:30 
.153 

i 

1 

0.112   0.(H)6 

0.05 
.05 

5.4 
2.6 

336 
254 

1130. 1 

1 

|140.2 

28.4 
16.6 

Apple  Creek 
alK>ve  Woos- 
ter   

.  o;w 

.003 

Killbuck  Creek 
below  WooH- 
ter 

2« 

1 
M    ■  .:W2 

.  KW 

.022 

.09 

6.5 

359 

! 
130.5 

! 

28.3  1 

a  M,  muHty. 

Between  Wooster  and  the  junction  of  Killbuck  Creek  with  Wi 
bonding  Cre<^k  tliere  are  numerous  small  villages,  a  few  being  pi 
vided  with  small  sewerage  systems.  It  is  more  than  likely  that  tl 
condition  of  the  wati^r  shown  in  the  last  analysis  in  Table  lOl  is  mai 
tained  by  these  small  pollution  points  in  practically  the  same  com 
tion  as  that  indicated  in  the  table. 

From  the  mouth  of  Killbuck  Creek  it  is  only  a  short  distance  doi 
Walhonding  Creek  to  Coshocton,  the  head  of  Muskingum  Riv( 
The  Ohio  Stiite  Board  of  Health  luis  mailo  an  analysis  of  the  water 
Walhonding  Creek  aljove  Coshocton  which  shows  clearly  the  chf 
acter  of  the  water  contributed  to  the  Muskingum  by  the  Walhondii 
Basin. 

TUSCARAWAS  RIVER. 

The  basin  of  the  Tuscarawas  covers  about  2,547  square  miles  in  t 
northwestern  i)ortion  of  Muskingum  watershed.  It  is  the  larg< 
tributary  of  the  Muskingum,  flowing  through  a  fertile,  prospero 
country,  which  has  a  large  i)opulation,  and  is  dotted  over  with  rapi<] 
growing  municipalities.  In  the  central-southeastern  i)art  of  the  baf 
coal  mining  is  largely  developed,  while  agriculture  is  confined  ing( 
eral  to  the  northern  and  western  portions.  The  river  rises'  in  Su 
mit  County,  and,  by  a  somewhat  circuitous  route,  finally  takes 
course  southwest,  flowing  through  Stark,  Tuscarawas,  and  Coshoct 
counties,  and  meet^  Walhonding  Creek  at  Coshocton  to  form  1 
Muskingum. 
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The  tributaries  of  the  TuHc^niWHH  Hnt  iiiip<»i1niit,  aiid<M)vor  <Hvei'Hi- 
lied  purtioDH  of  thedraiua^  area.  Chii^f  uiiioii^  those*  is  l>i[j:Sti]lw»U)r 
Creek,  which  flown  from  the  south,  through  I  [urrisoi)  and  Tiiscarnwas 
eoanties,  drniniiig  an  area  of  472  S(iuan^  inilf^s.  Supir  Civok  flowHiii 
from  the  northwest,  its  basin  eoiiiprisinj^  35<;  s<iuai-<'  inilos.  Sandy 
Creek  is  an  inii>ortant  stream  which  flows  in  from  thii  cast,  alon^  the 
northern  part  of  Carroll  and  the  soutliern  lx)undary  cjf  Stjirk  <*()unties. 

HKiHLANI)  TKIKlTTAKIh>i. 

•  Wolfe  and  Chipi)ewa  creeks  «lrain  the  northernmost  i>ortionsof  the 
Tiwearawiis  Basin,  comprising  jMirts  of  Summit,  Medina,  and  Wayne 
counties.  There  are  numerous snmll  village's  in  the  Ixusin,  which  have 
no  important  influenoe  on  the  character  of  tlie  rnn-(»(r  water,  altliou^h 
they  undoubtedly  |)ollute  it  to  some  extent.  The*  lii-st  imiiortant  <*en- 
ter  of  ix)pu1ation  is  IJarberton,  acomparativtMy  new  town,  the  ^rowtli 
of  which  has  been  rapid,  by  ivtison  of  the  recent  cst4iblishment  of 
maaufacturiug.  A  system  of  sewers  has  been  provith^l,  wlii<^h  s<»rves 
about  3,000  {)eople,  and  has  an  tmtlet  in  Wolfe  Creek.  The  manu- 
facturing refuse,  too,  damages  the  stream  to  some  <^vtent.  Wa^ls- 
wortJi,  Orrville,  Dalton,  and  DoyU'ston  an^  situated  in  the  drainage 
Mea.  These  municipalities  an^  not  iniiwirtant,  althougli  from  Wads- 
worth  there  is  c-onsiderable  contamination  of  the  stn^am  from  the  salt 
works  established  there.  Killman  is  also  an  Important  center  of  the 
Rait  imlustry,  the  wastes  from  which  imjircgnate  tlie  whole  drainage 
from  this  scKstion. 

The  largest  city  in  the  Tuscarawas  Hasin  is  Massillon,  an  ini])ort- 
ut manufacturing  place  in  Stark  C*ouiity,  situated  a  few  miles  below 
the  confluence  of  Wolfe  and  Ohi[»iM»wa  creeks,  and  having  a  popula- 
tion of  11,044.  Refuse  fi'om  strawl>oar(l  factories  an<l  other  inanufac- 
taring  plants,  as  well  as  the  sewage  from  a  combined  system  of  S(^wers, 
pollutes  the  stream.  The  Ohio  State  i>oard  (»f  llealt  h  has  made  a  series 
of  analyses  of  the  water  taken  from  the  river  above*  and  Inflow  ]Mas- 
sQlon,  the  average  results  of  wliich  are  set  forth  in  Tables  loi*. 

Table  102. — Averages  of  amilysvH  r>/  water  of  Tnsmnnnts  Rivvr  aharr  ttml  hcUtir 
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Ill  the  above  HnalyHen  the  eftects  of  waste  from  salt  works  are 
readily  apparent  in  the  high  chlorine  content.  Aside  from  this,. 
the  river  shows  a  high  content  of  organic  matter,  which,  altbongl^ 
no  records  of  normal  water  are  available  for  comparison,  seems  tsj 
indicate  pollution  from  the  country  above.  The  average  represent^: 
tive  analyses  of  water  from  the  river  below  Massillou  show  a  chil^' 
acteristic  increase  in  the  amount  of  organic  matter,  yet  the  chlorine; 
does  not  api>ear  to  be  i>resent  in  so  large  projwrtion  as  above  tW 
city.  This  is  not  explained  in  the  last  rei)ort  of  the  Ohio  State  Board 
of  Health;  it  may  1x5  due  to  dilution,  as  there  are  two  streams  entw- 
ing  the  river  between  the  sampling  point  above  the  city  and  tM 
below. 

SANDY  ('KEEK. 

Sandy  Crei^k  ent(*rs  the  Tuscarawas  a  short  distance  l>elow  Mas- 
sillou, and  contributes  a  considerable  amount  of  pollution  from  ('an- 
ton.  Wells vi lie,  Minerva,  and  other  small  places.  Minerva  has  s 
population  of  l,20<)  and  is  situated  upon  Clear  Fork,  at  the  extreme 
eastern  end  of  the  Muskingum  Basin. 

NIMISHILLKN   (*KKKK. 

The  principal  stream  of  interest  in  the  Sandy  C'roek  drainage  area 
is  a  tributary  called  Nimishillen  Creek,  which  drains  the  country  tie 
the  north,  including  the  city  of  Canton  and  the  village  of  Louisville. 
The  lattt»r  is  situated  upon  the  east  branch  of  the  creek,  has  a  popu- 
lation of  1,374,  and  is  provided  with  a  public  water  supply,  but  nc 
sewers.  The  east  branch  runs  through  Canton  and  joins  the  we«< 
branch  at  the  lower  end  of  the  city.  The  Ohio  State  Board  of  Ilealtl 
has  conducte<l  two  series  of  aimlyses  of  water  from  west  branch,  om 
above  and  one  l>elow  Canton. 


Table  103. — Averages  of  analyHes  af  taiier  from  Ximinhilleti  Creek  a/wiv  ant 

Iwlow  Canton, 
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The  contrast  presented  by  the  above  averages  indicates  unraistftk- 
ably  the  great  .change  in  the  character  of  the  water  after  it  receives 
pollution  from  Canton. 
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TU8CARAWAH  AT  CANAL  1M)VER  AND   NKW    I*II1LA1>KIJ*IIIA. 

Canal  Dover  and  New  Philaclolpliia  are  (utieH  Hituate<l  on  ttio  <)pi>o- 
ite  sides  of  Tuscarawas  River  at  the  jiiiictioii  of  Sugar  Ci-eek,  a 
tPRam  which  drains  a  considerable  area  of  country  !<>  the  northwest. 
lie  former  city  has  a  population  of  5,4l'i^;  tlie  hitter  contains  (>,213 
ihabitauts.  Both  are  important  iiianufaeturin^  phu*<\s,  and  their 
idnstrial  plants  contribute  a  large  amount  of  f(Kil  matt^^-  to  the  river. 
lanal  Dover  has  no  sewerage  system  at  iiresent,  but  tli<'  drainage  into 
he  river  is  nevertheless  extensive.  New  PliilacU'lphia  has  an  exeel- 
ent  sewerage  system,  which  discharges  into  tlie  river.  We  have, 
hen,  at  this  iK)inta  combined  i)opulati<m  of  11,03/),  the  wasti^s  from 
rhich  have  an  important  effect  on  the  (luality  of  the  Tuscarawas 
Jiver. 


Tablr  104. — Averages  ofanalyncM  of  ttntter  from  TuMcanimis  Rivfr  alnwi'  Catutl 
Dover  and  below  New  PhiUulelphia, 

[PartM  ]»er  uiilliou.] 
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Comparison  of  the  results  of  analyses  from  the  two  points  above 
stated  shows  that  the  water  in  Tuscarawas  River  is  not  materially 
ciianged  after  receiving  the  i)ollution  from  Canal  Dover  and  New 
Philadelphia.  It  is  i)robal)le  that  the  amounts  of  nitrogen  and  of 
dilorine  are  practically  the  same,  and  that  the  color,  turbidity,  and 
«dor  do  not  differ  widely.  The  n^ason  for  this  is  not  far  to  seek. 
Examination  of  the  map  will  show  that  between  the  sampling  point 
•bove  Canal  Dover  and  that  below  New  IMiiladelphiathrc^e  tributaries 
enter— Sugar  Creek,  Stone  Creek,  and  Oldtown  Cn^ek.  I'he  first  of 
these  tributaries  drains  an  area  of  350  s(|uare  miles;  the  other  two 
h*ve  basins  considerably  smaller.  The  water  fiowing  from  these  trib- 
utaries is  not  jwUuted  to  any  significant  extent,  and  it  is  reasonable 
^  believe  that  the  large  measure  of  dilution,  which  must,  of  n(»eessity, 
•Hue,  is  sufficient  to  account  for  thc^  lack  of  nmterial  difTeronco  in  the 
^racter  of  the  watc»r  as  shown  by  analyses  at  the  two  sampling 
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pointH.    The  quantitative detenuiuations  of  bacU»ria  made  by  theSti    - 
Board  of  Health,  however,  U^ll  another  8t4)ry.   It  lian  also  l^een  remarki 
that  the  differencM-s  between  gelatin  culture  media  manufactured 
different  laboratorien  are  often  the  cause  of  varying  rt*sults  in  deti  ^ 
mining  the  numln^r  of  ba<?t4*ria,  so  that  wlien  the  same  water  is  test! 
the    numl)er   of    bacteria   found    in   diffeitmt    cases    varies  wide^ 
Therefore  little  value  <*an  Im»  given  to  <iuantitative  determinatioiil 
unless  nunilK»rs  vary  to  such  an   extent  that  the  difference  lietwei 
one  and  the  other  is  great<»r  than  any  possible  error  intnHluced  bytl 
discrepancy  in  the  work.     In  the  n»iM)rt  of  the  Ohio  State  Hoard  i 
Health,  above  refernMl  Ui,  the  average  numbi»r  of  bacteria  i)ercub 
centimeter  above  Canal  Dover  is  2,350,  and  iRdow  New  PhiladelpU 
6,2(K),  a  difference  so  wide  that  it  can  not  be  reasonably  accounted^ 
by  variations  which  might  be  introduced  into  the  work  by  the  use  <1 
nonunifonn  culture  media.     The  media  used  in  these  detenu iuatioDi 
were  all  made  in  the  same  lalK)ratory  and,  presunmbly,  after  thesaoM 
methods,  so  that,  it  is  i)robable  that  the  above-de^crilxnl  variatioi 
would  not  o<*cur.     The  facrt  that  there  are  so  many  more  bacteria  ii 
the  water  l>elow  New  Philadelphia  than  alK)ve  Canal  Dover  arise! 
unquestionably  from  the  difference  in  the  character  of  the  organic 
matter.     In  other  woi-ds,  the  fact  that  there  is  sufficient  organic  mat* 
ter  of  a  certain  kind  in  the  water  at  the  lower  sampling  station  to  pro- 
vide food  for  0,2(K)  bacteria,  while  at  the  upper  station  it  is  suffi  ient 
in  amount  to  provide  food  for  only  2,350,  shows  that  the  cliaract«r 
of  the  organic  matter  has  l>een  seriously  changed,  oven  though  the 
large  degree  of  dilution  arising  from  the  cause  above  stated  i)reserve8 
the  proportionate  amounts  practically  the  same. 

STILLWATER  CKKKK. 

After  proceeding  down  Tuscarawas  River  for  5  or  6  miles  one 
comes  upon  the  confluence  of  Stillwater  Creek.  This  stream  bass 
drainage  area  of  472  square  miles,  lying  principally  in  Harrison,  Bel- 
mont and  Tuscarawas  counties.  The  river  forks  a  few  miles  from 
this  confluence  with  the  Tuscarawas,  and  thereafter  the  northernmost 
branch  is  called  Little  Stillwater  Creek,  while  that  immediately  to  the 
south  is  known  as  J^ig  Stillwater  Creek.  The  pollution  in  the  basin 
of  Little  Stillwater  Creek  is  not  extensive,  while  in  the  upper  part  of 
the  IMg  Stillwater  Basin  there  are  only  a  few  small  centers  of  popula- 
tion, such  as  Harnesville,  Piedmont,  and  Freeport.  At  the  junction 
of  the  two  forks  are  situated  the  municipalities  of  Uhrichsville  and 
Dennison. 

The  following  statement  of  averages  of  analyses  of  water  above 
Uhrichsville  and  below  Dennison  are  t^ken  from  the  report  of  the 
Ohio  State  Board  of  Health,  above  referred  to. 
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he  evidences  of  iiiereacie  in  i^»i>Huti(»it  a|»iM-ariiii;  in  tlir  two  avor- 
s  alx)ve  referred  to  are  t-asily  appriM-ialilf,  notaMy  liv  tlu»  riso  in 
i  ammonia  and  chlorine. 

;elow  the  mouth  of  Stillwater  Crtt*k.  in  lh»»  nmix'  of  thi»  4n  inilos 
ich  inter\'ene  between  that  iH>int  and  tin*  hrail  nf  Muskini;nni 
'er,  small  villages  are  situattMl  uiM»n  thi-  hanks  of  xhv  sirram,  otni- 
ling  thi."  usual  numljor  of  industrii'>,  hnt  thr  only  inqnirtant  rontor 
pollution  is  Newcomerstown,  whirh  ha>,  arronlinir  \o  \]w  Twelfth 
Qsus  report,  2,059  inhabitants. 

MUSKINGUM   RIVEK   BEI.OW   COSHOrTON. 

IValhonding  ('reek  and  Tuscarawas  Uivcr  arc  fnrtlicr  iH>llutcd  at 
Mr  confluence  by  drainage  fi-oni  the  city  of  C\)shocton,  which  has  a 
pulation  of  0,473.  Along  the  water  front  of  this  city  are  Un^attHl 
port-ant  manufacturing  phiiits,  wliieli  pour  their  wastes  into  the 
.*eam.  The  city  is  pn)vid(»d  with  a  water  supply  and  sewtM-age  sys- 
m,  and  the  sewage,  tog(»ther  with  tliat  carried  by  surfaee  drains,  as 
ill  as  the  town  garbage,  is  iK)ured  into  the  rivt^r.  There  arises, 
erefore,  at  this  |K)int  an  important  contamination,  which  is  said  to 
5  offensive  during  i)eriods  of  low  water.  Three  series  of  analys«»H 
ive  been  carried  on  at  C'oshocton  by  the  Ohio  State  IJoanI  of  llealtli. 
he  sampling  points  chosen  werc^  Walhonding  C^n^ek  and  Tnsearawas 
iver,  l)oth  alxive  the  connuence  of  Coslux^ton  pollution,  and  a  point. 
u  Muskingum  River  at  a  prox)er  distain'<^  Iwdow  the  connu(Mn*e  u\' 
le  two  main  tributaries  wIku'o  it  was  r(»asonably  <Mir1'iiin  lliat.  tin* 
'at(^^8  of  the  two  streams  and  the  pollution  from  C'osho<^ton  were 
tioroughly  mixed. 
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Tablk  UK). — Ai^niyen  of  analytteit  of  tatter  from  WdUuniding  Creek  and  T 
cartuntH  Riv^erabftve  (UtHhocton  and  from  Mftskingum  River  below  Coshocton 
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Comparison  of  tlie  analyseH  of  water  from  Walhonding  Creek  aboi! 
Coshocton  with  those  of  water  from  Tuscarawas  River  shows  th« 
the  latter  is  not  so  highly  colored.  The  amount  of  residue  is  th 
same  as  in  the  Tuscarawas,  the  alkalinity  higher,  but  the  normi 
liardness  less.  It  is  notable  that  the  content  of  chlorine  in  th 
Tuscarawas  is  higher,  the  difference  being  due  principally  to  contain: 
nation  from  the  salt  woi'ks  in  the  upper  part  of  the  basin  of  tha 
tributiiry.  The  Walhonding  has  more  organic  matter  than  the  Tus 
carawas.  In  botli  streams  the  water  is  greatly  damaged  by  poUntioG 
but  the  nuisance  occasioned  thereby  is  not  general,  being  confine 
to  certain  localities  near  points  of  discharge  of  certain  city  sewers. 


WILLS  CREKK. 

Wills  Creek  enters  the  Muskingum  from  the  east  a  short  distane 
below  Coshocton.  It  is  the  drainage  outlet  of  Guernsey  County,  an( 
the  basin  comprises  also  small  areas  in  Noble  and  Belmont  counties 
The  cr<»ek  is  formed  bj'  the  confluence  of  Buffalo  Fork  and  SenecJ 
Falls  Creek  a  short  distance  north  of  Noble  County  line,  and  pursuei 
an  extremely  winding  course  to  its  outlet,  running  through  Guernsey 
Coshocton,  and  Muskingum  counties  and  into  the  Muskingum  River 
The  only  considerable  center  of  population  in  the  drainage  area  « 
Cambridge,  li  city  of  8,241  inhabitants.  This  is  an  important  cohI 
distributing  point,  and  it  conUiins  tin  and  iron  mills,  which  eontribuU 
considerable  amounts  of  wastes  to  the  river.  Sewers  have  been 
intro<luced  at  Cambridge  and,  although  they  have  not  been  widel) 
extended,  they  do  their  full  measure  of  damage  to  the  stresni' 
Leatherwood  Creek,  which  enters  Wills  Creek  at  Cambridge,  drains 
an  important  mining  district  and,  as  a  I'esult,  is  very  turbid  by  rea- 
son of  a  largo  amount  of  coal-mine  waste. 
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The  Ohio  State  Board  of  Health  has  eoiidueted  a  Keri(»s  of  aimlyHes 
f  water  above  and  below  Cambridge  on  Wills  Creek.  Thai  alwve 
'ambridge  is  not  representative  of  the  cliaracter  of  Leath(M*wood 
>eek  water. 

Tablr  107. — AiH*rfiges  of  analy»e»  of  water  from  Wills  (^reek  alnnw  ami  hvlow 
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The  results  above  set  forth  indicate  a  considerable  rise  in  free 
ammonia,  nitrites,  and  chlorine  after  the  water  passes  Cambridge. 
Mr.  Benjamin  II.  Flynn,  engineer  of  the  Ohio  StaU^  Boanl  of  Health, 
is  of  the  opinion  that  theTO  is  not  sufficient  discharge  of  sewage  from 
Cambridge  to  aeconnt  for  so  great  a  rise  in  the  constitiH»nl«  indicating 
sewage  pollution,  and  that  the  change  is  probably  due  to  industrial 
wastes.  The  reduction  in  the  amount  of  turbidity  is  int4M*(^sti ng,  as 
ft  indicates  a  possible  discharge  of  coagulating  material  from  the 
nines,  probably  sulphate  of  iron.  To  this  extent,  Ihercfons  the 
indnstrial  X)ollution  maj'  l>e  regarded  as  a  luMK^fit. 

LICKINO   CRKKK. 

About  20  miles  below  the  confluences  of  Wills  C'reek  is  the  city  of 
Zanesville,  at  which  i>oint  Licking  Cre<»k  joins  the  ^Muskingum.  This 
stream  drains  the  north  of  Licking  County  and  part  of  Knox,  Perry, 
tod  Huskingum  counties.  The  western  2)art  of  this  basin  is  lev(»l  and 
Jsdevoted  to  agriculture,  while  the  eastern  part  is  hilly.  At  the  head- 
waters of  the  stream  are  many  small  towns,  the  principal  ones  being 
Centerburg,  Utica,  Pataskola,  Johnstown,  and  (Tranviih*,  having  a 
Combined  population  of  4,270. 

Newark,  with  a  impulation  of  lH,ir)7,  is  the  commcn-cial  <*enter  of  the 
basin.  It  contains  many  manufacturing  industries  and  several 
slaughter. houses,  and  th<»s(^,  tog(»tlior  with  the  <uty  sewage,  make  the 
river  very  foul  at  times. 

Analyses  of  water  from  Licking  C'reek  above  Newark  indicate  that 
^t  is  rich  inorganic  matt4»r,  yet  there  is  no  special  evidence  of  danger- 
<^^8  contamination,  wliih*  th(»  wimples  taken  frcmi  the  stream  below 
Newark  present  th<»  usual  contrast. 
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T1h>  eitv  of  Zan^^HvUle,  with  papulation  of  23,538,  in  the  largeil 
centornf  pollution  yot  <*on«iflerefl  in  the*lnviTia^€^l>ftftin  of  tho  Mnakiii; 
gum,  Tlie  wat^^r  HUi>ply  is  Inkcn  from  Mii*ikin|^iim  River  just  abovl^ 
the  city,  hnt  t]ie  water  is  wi  iiiipunt  that  steps*  are  now  Ijeing  taki^nll 
improve  it>i  quality  or  to  prwnire  another  Honn'O  of  nnpply,  A  sewer 
age  system  has  heeu  provideil,  aud  lhe  numufacturin^  iiulustrie»fti| 
imx>ortaiit.  fn  iMlflithiii  to  the  f*oi»riimination  from  sewers  aiul  (mm 
these  manufacturing  plants,  tlie  river  receives  sewerage  drainage, 
which  is  dangerously  jwlluted  by  slovenly  methods  of  disposing  d 
garbage  and  night  soil. 

The  Oliio  State  Board  of  Ilealtli  has  conducted  three  series  of  exam 
inations,  eight  samples  being  taken  from  each  of  the  follow  ing  points 
Muskingum  River  above  Zanesville,  Licking  Creek  above  Zanesvill©; 
and  Muskingum  River  below  Zanesville.  The  averages  of  the  resulte 
of  thesi^  examinations  are  reproduced  below. 

Table   109. — Atn^rage  results  of  analyses  of  water  from  Licking  Creek  abovi 
ZajieKvih'  and  from  Muskingum  Rii^r  alnrre  and  IteJow  Zanestville. 


[PartH  i»«»r  million.] 


Place  «>f  colle<^t.ioii. 


Licking  CVeek  above 
Zanesville 

MtmkingumRiverabove 
Zanesville 

MuBkingum  River  lie- 
low  ZaneR  ville 
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There  is  a  striking  similaTlty  in  Uve  analyses  of  the  waters  from 
Muskingum  River  and  from  lAckV\\^CYi>^ALa\\oN^7.«yA\^^x\J^^    \\i(flfi<^ 
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ke determinations  practically  conform,  thoonl^'  siji^nificant  dcparturo 
being  in  the  cnne  of  chlorine.  In  the  precedinj<  pap»s  it  lias  Ihmmi  noted 
Ihatsalt  works  contributed  large  <juantitie.s  of  wast*^  to  t]i<»  Tnscara- 
wis  River,  which  results  in  raising  the  amount  of  chlorine  lo  a  height 
unwarranted  by  existing  stowage  pollution.  To  this  is  probably  due 
bpart  of  the  excc^ss  of  chlorine  in  water  in  Muskingum  River  above 
^esville  over  that  in  Licking  Creek. 

In  the  introduction  to  this  paper  it  was  stat«Ml  that  the  chlorine  eon- 
tributed  to  surface  water  does  not  undergo  mechanical  chang<»  similar 
to  that  which  takes  phice  in  the  nitrog(Mi  comi)ounds,  but  firmly  main- 
kins  its  identity,  fluctuating  in  amount  according  to  the  dilution 
which  it  receives  from  tributaries,  or  the  contributions  from  s(»w(M's 
and  other  polluting  factoi's,  and  when  organic  matter  is  complct(»ly 
Aanged  to  inorganic  compounds,  and  all  other  trace*  of  <M)ntamination 
iBlost,  the  chlorine  remains  an  unshaken  witness  of  past  pollution. 
We  have  also  seen  in  the  pages  immediately  prcciMling  that  large 
tmounts  of  sewage  are  poured  into  the  str<»ams  in  tlie  Muskingum 
Basin.  By  the  time-the  water  reaches  Zanesvillc  the  organic  matter 
poureil  in  from  the  cities  in  the  upper  part  of  the  basin  has  Immmi 
learly  or  completely  consumed,  and  that  which  appears  on  analysis 
tt undoubtedly  of  recent  origin.  Rut  the  chlorine  in  the  Muskingum, 
which  is  in  so  great  excess  over  that  in  Licking  Creek,  is  largely  the 
evidence  of  pollution  both  from  sewage*  and  from  the  salt  works  in 
the  upper  part  of  the  basin. 

The  condition  of  the  water  of  Licking  ( 'n»ek  is  so  similar  to  that  of 
Maskingum  that  it  can  not  be  sai<l  that  either  stream  is  a  detrimcMit 
or  a  lx»nefit  to  the  other.  In  the  one*  case  we  hav<^  a  watcM*  recent  ly  pol- 
luted, while  in  the  other  it  a])pears  that  thewat<M'was  atone  time 
niore  seriously  contaminated,  but  through  the  elT(M'ts  of  oxidation, 
sedimentation,  and  dilution  the  evidences  of  this  contamination  have 
heen  nearl}'  lost,  and  the  most  api)ar(Mit  pollution  is  that  derived  from 
Purees  not  far  above  Zan(»sville. 

Analyses  of  the  water  of  the  Muskingum  below  Zanesville  show,  in 
ft  fairly  satisfactory  manner,  the  etTect  of  the  commingling  of  the 
^at^rs  of  Licking  Civek  and  .>[uskingum  Kiv(»r  in  conjunction  with 
the  wastes  of  Zanesville. 

Helow  Zanesville,  on  tin*  Muskingum  and  on  th(»  minor  tributari(»s, 
^here  are  a  number  of  small  towns  which,  while  collectively  they  con- 
•Hbiite  some  foreign  matter,  do  not  infhu^nce  the  chara(*ter  of  the 
^vater  extensively.  There  is  no  place  of  importance*  until  McConnels- 
villc!  is  re^iched,  th«>  <*ounty  seat  of  3lorgan  (-ounty,  containing  1,825 
'Dhahitants,  and  provided  with  water  sui)i)ly  and  sewei*s.  Just  alK)ve 
^^^is  place  the  Ohio  State  lioard  of  Health  has  taken  a  series  of  samples 
^^r  examination,  th(»  results  of  which  ai-e  embraced  in  the  following 
^^ble. 
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Tabijs  KIW. — Af^TfiiffM  tyf  ttnuiifttfjt  of  vmlerfnmi  Licking  Cr^k  altitv^andi 

Ntfwark. 

["PrnttM  p^r  mllllfHi.] 


Above  Newark . 

Below  Nt*w»rk , 


W7 


NflOi", 


\KW&  0.t1S» 


1 H,  mofitf . 

T]w  futv  of  ZanesvillG,  with  popiiliitimi  of  23,53S,  ia  tli©  largi 
centc^rof  pollutinn  yet  t^ntiHidered  in  tho<lraitia#je  hasin  of  the  Muskb 
gum.  Th(>  wat*^r  j^upply  is  taken  from  Muskingum  River  just  alxfl 
the  city,  hut  the  water  i8  r»  iiupurti  that  steps  am  iiow^  liein^  taken 
iraprove  it#t  quality  or  to  protnire  another  souree  of  mipply.  A 
age  Hystem  has  Iweu  pnnndt^l,  and  Ihe  luaiui factoring  industries 
important.  In  a^hlition  to  IhiMMUt^uiiiiiatiou  from  »ewer«  aii<Hrrtffl' 
these  manufaeturiii^  plnutH,  ilie  river  receives  »eworage  dniinagftt 
which  !8  dnngemusly  iKiUuteil  hy  nlovenly  methods  of  disp^^sing  rf 
garbage  and  night  mih 

The  Ohio  Htate  lioartlof  Ileal tli  has  eonducted  three  series  of  exam- 
inations, eight  sampler  being  taken  fTOm  eachof  the  following  pointi; 
Muskingum  River  above  Zauesville,  Licking  Creek  ahtive  ZanoHVille, 
and  Muskingum  River  below  Zaneaville.  The  averages  of  the  result*. 
of  these  examinatioTts  arf^  reprmlueed  Itelow. 

Table   109. — Average  remtlttt  of  analyttejt  of  water  from  Licking  Creek  abovt 
Zane-fwile  and  from  Muskingum  River  alxn^  and  Iwlotr  Zanemnlle. 

[Pai*t**  jKT  million.] 


Place  of  r'ollwtioii. 


Licking  Creek  above 
Zane8ville 

Mnskin^m  Riverabove 
Zaneaville 

Mnskingrum  River  lio- 
low  ZaneHville 
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There  is  a  striking  similarity  in  tlie  analyses  of  the  waters  fro^ 
Muskingum  River  and  from  lAckmv;  CYv^^c^a\^\ei/LwTkft»N\Uft.   In  t»^^ 
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!  determinations  practically  ex)nforni,  tho  only  nignificant  departure 
ng  in  the  cjise  of  chlorine.  In  the  preceding  images  it  has  l)een  noted 
.t  salt  works  contributed  large  ([uantities  of  waste  to  tlie  Tuscara- 
8  River,  which  results  in  raising  the  amount  of  chlorme  to  a  height 
warrant^  by  existing  sewage  pollution.  To  this  is  probably  due 
mrt  of  the  excess  of  chlorine  in  water  in  Muskingum  River  above 
aesville  over  that  in  Licking  Creek. 

n  the  introduction  to  this  paper  it  was  stated  that  the  chlorine  <*on- 
t)uted  to  surface  water  does  not  undergo  mec^hanical  change  similar 
that  which  takes  place  in  the  nitrog(»n  comiM)unds,  but  firmly  main- 
ns  its  identity,  fluctuating  in  amount  according  to  the  dilution 
ich  it  receives  from  tributaries,  or  tlu^  contributions  from  sewers 
i  other  polluting  factors,  and  when  organic  matter  is  completely 
inged  to  inorganic  compounds,  and  all  other  trace  of  contamination 
lost,  the  chlorine  remains  an  unshaken  witness  of  past  pollution, 
e  have  also  seen  in  the  pages  immediati'sly  preceding  that  large 
Loimts  of  sewage  are  poure<l  into  the  streams  in  the  Muskingum 
ksin.  By  the  timcthe  water  reac^hes  Zanesville  the  organic  matter 
ured  in  from  the  cities  in  the  up[)er  part  of  the  basin  has  Ix^en 
arly  or  completely  consumed,  and  that  which  appears  on  analysis 
undoubtedly  of  recent  origin.  But  the  chlorine  in  the  Muskingum, 
hich  is  in  so  great  excess  over  that  in  Licking  Creek,  is  largely  the 
ddence  of  pollution  both  from  sewage  and  from  the  salt  works  in 
tie  upi)er  part  of  the  basin. 

The  condition  of  the  water  of  Lic^king  (-reek  is  so  similar  to  that  of 
Insklngum  that  it  can  not  be  said  that  either  stream  is  a  d<itriment 
^  a  benefit  to  the  other.  In  the  one  case  we  have  a  water  recently  pol- 
luted, while  in  the  other  it  appears  that  the  watc^r  was  at  one  time 
more  seriously  contaminated,  but  through  the  effects  of  oxidation, 
sedimentation,  and  dilution  the  evidences  of  this  contamination  have 
heen  nearly  lost,  and  the  most  apparent  pollution  is  that  derived  from 
sources  not  far  above  Zanc^sville. 

Analyses  of  the  water  of  lh<^  Muskingum  b«4ow  Zanesville  show,  in 
*  fairly  satisfactory  manner,  the  effect  of  the  commingling  of  the 
^at«rs  of  Licking  Creek  and  Muskingum  River  in  <'onjun<*tion  with 
*ke  wastes  of  Zanesville. 

Below  Zanesville,  on  the  Muskingum  and  on  tin*  minor  tributaries, 
^kere  are  a  numl>er  of  small  towns  which,  whih'  collect.iv(dy  they  con- 
•ribute  some  foreign  matter,  do  not  influ(»nce  the  character  of  the 
^ater  extensively.  There  is  no  ])lac(M)f  importanc**  until  McConnels- 
^'lle  is  re4u;hed,  the  <H)iinty  seat  of  jNlorgan  ( -ounty,  containing  1,825 
''Jhabitantjs,  and  provided  with  water  supply  and  sewers.  Just  alM>ve 
^his place  the  Ohio  State  Hoard  of  Health  has  taken  a  s«»rie8  of  samples 
'^^examination,  tht^  results  ot  which  am  embraced  in  the  following 
table. 
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[no. 


Tabiji  110. — AiuilyneM  of  irater  fnnn  Miutkinffum  River  dbove  McConneUviUe 

(Parte  per  million.] 
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^  Enormous. 


From  MoC'Onnelsville  to  Marietta,  at  tho  mouth  of  the  river,  th< 
are  the  usual  number  of  small  villa|j^es,  the  eflFects  of  which  upon  t 
character  of  the  water  are  not  important.  Marietta,  with  populati 
of  13,384,  h*us  considerable  manufacturing  and  a  public  water  supj 
and  sewerage  S3\stem,  which  empties  into  Ohio  River,  so  that  it  has 
effect  on  the  Muskingum.  There  is,  however,  considerable  manufj 
luring  sewage  poured  into  the  latt.er. 


Tablk  111. — AnnlynvH  af  water  fnmi  Muskingum  River  above  Marietta. 
[Parte  per  million.] 
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"p.  jK^ty:  e,  c*arthy:  v,  vegetable;  m,  moldy. 


f)  Enormous. 


The  above  analyses  show  fairly  well  the  character  of  the  water  co 
trihuied  t4i  tlie  Ohio  system  from  \\\e/Nl\VHV\w^\\WL  B«>a\ti.     The  wat 
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Improves  in  quality  between  Zanesviile  and  tlio  mouth  of  the  river, 
ind  then'fore  the  effect  of  the  MuHkinginn  hxhUmh  on  tlie  Ohio  is 
less  damaging  tlian  might  be  HupiM>8ed  after  considering  the  [M)ints  of 
pollution  in  the  Muskingum. 

The  analyaen  given  certainly  show  that  the  Muskingum  is  in  many 
plaeetft  a  very  foul  stream.  Indeed,  tlH»n»  are  few  iMiints  at  wliich 
liter  can  l)e  collect^Ml  in  its  normal  and  undamaged  state.  This 
itream  is  <?ert.ainly  not  a  proi)er  one  to  us(»  as  a  sewage  course,  for  its 
(latest  value  is  in  its  water  resoui-ces.  It  is  not  goiwl  for  much  as  a 
■rarce  of  i>ower,  its  navigation  is  insignificant ,  and  the  humid  climate 
rfthe  country  makc^  its  use  for  irrigation  unnec<»swiry.  There  are, 
)efliax>s,  certnin  ];)ointD  along  the  course*  of  the  stream  which  are  fit 
fhces  for  the  harvesting  of  an  ic(»  crop,  hut  the  Muskingum  can 
■ever  be  an  extensive  ice  field.  Therefon>  tin*  wat^M'-supplj'  value  of 
the  river  is  practically  the  only  imjxirtant  one,  and,  as  has  In^en 
Aown,  this  is  greatly  damaged.  It.  is  unwise  to  utilize  for  domestic 
porposes  the  waters  of  the  Muskingum  and  its  tributaries  at'  almost 
•ny  point  unless  efficient  means  of  purification  are  adopted.  On  the 
other  hand,  the  charact<>r  of  the  river  basin  is  such  that  self-purifi- 
ettion  readily  takes  place.  Theii'  is  no  doubt>  that  if  means  were 
wed  to  purify  the  sewage  whic^h  is  now  poured  into  the  stream,  the 
voters  could,  in  certain  i>laces,  be  us(»d  as  a  watcM-  supidy  without  any 
^tment. 

SCIOTO  RIVER. 
DRAINA(JK    IIASIN. 

The  drainage  basin  of  Scioto  River  (U'cupies  a  long,  narrow  strip  of 
countr>'in  the  central  and  southern  pari  of  Ohio,  extending  from  the 
lake  Erie  drainage  divide  on  the  north  to  the  Ohio  River  at  Ports- 
nionth  on  the  south,  and  comprising  about  r),40()  scpiare  miles.  The 
source  of  the  river  is  in  Auglaiz(>  County,  in  a  portion  of  the  drainage 
irea  which  juts  westward  and  lit^s  north  of  the  Great  Miami  l^asin. 
Thence  it  runs  in  a  generally  south<»rly  direction  40  miles,  to  a  point 
•  little  southwest  of  the  city  of  Marion.  The  fall  along  this  section 
is  nearly  500  feet.  Tlience  its  course  is  almost  due  south.  It  passes 
throngh  the  city  of  Columbus,  capital  of  the  State  of  Ohio,  the  fall 
from  Marion  to  this  point  being  4^]()  feet.  Continuing  south,  the  river 
JniMthe  Ohio  at  Portsmouth,  110  miles  above  Cincinnati.  The  fall 
of  the  river  between  Columbus  and  Porlsmouth  averages  2^}  feet  per 
ftile  along  the  entire  length  of  i:{0  mih^s.  The  entire  course  of  tht» 
Hver,  measured  in  a  straight.  Urns  is  ITi)  inih»s,  although  when  actually 
tiaversed  it  amounts  to  noarly  210  mih»s. 

The  tributaries  are  not  so  larg<^  nor  so  imiK)rtant  in  this  drainage 
•'ea  as  they  are  in  the  Muskingum,  by  reas<m  of  the  fact  that  the 
^•tershed  is  somewhat  narrow.  The  most,  imiwrtiint.  tributaries  and 
^ area  drained  by  ihom  are  named  1>elow. 
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Table  112. — I>raiiiage  area  of  Scioio  River  awl  tributaries. 


Sq.i 

OleDtangy  River  at  month  at  Colmnbas _ Mf 

Big  Walnut  Creek  at  mouth 6tt 

Darby  Creek  at  mouth _ tSm 

North  Fork  of  Paint  Creek 239 

Main  Pork  of  Paint  Creek  above  junction  with  North  Foric 88S 

Paint  Creek  at  mouth 1,08S 

Scioto  River  at  southern  boundary  of  Marion  County 939 

Scioto  River  at  Columbus,  above  junction  with  Olentangy  River :  1, 13© 

Scioto  River  at  Columbus,  below  junction  with  Olentangy  River \,fM 

Scioto  River  at  CircleviUe  and  Darby  creeks   3,278 

Scioto  River  at  Chillicothe 3,  ftSS 

Scioto  River  at  moutli 6,400 

The  principal  economic  value  of  Scioto  River  lies  in  its  availability 
as  a  source  of  wat<er  supply.  It  is  not  an  important  power  stream, 
although  in  past  years  the  aggregate  of  power  developed  by  the 
numerous  plants  along  it  was  fairly  large,  but  on  account  of  the  flat^ 
ness  of  the  area  there  is  not  sufficient  opportunity  to  develop  many 
or  extensive  power  sites,  those  which  have  been  utilized  being  of  the 
capacity  which  ai*e  found  necessary  to  the  development  of  saw  and 
grist  mills  only.  The  development  of  cheaper  power  in  other  parts  of 
the  country  and  the  improvement  of  transportation  facilities  have  led 
to  the  abandonment  of  a  large  number  of  the  power  privileges  afforded 
by  the  Scioto,  and  very  few  of  those  that  remain  are  of  much  value. 
Even  as  a  source  of  water  supply  the  opportunities  for  conservation 
are  not  all  that  could  be  desired,  for  it  is  necessary  in  some  places  to 
pump  the  water  directly  from  the  flowing  stream  into  distributing 
reservoirs,  the  storage  capacity  of  which  is  not  in  every  case  sufficient 
to  allow  the  water  to  be  proi>erly  stored  and  purified.  This  condi- 
tion aggravates  the  dangers  due  to  polluted  river  wat^r,  for  unde* 
these  circumstances  pollution  becomes  more  certain  in  its  unfavorable 
effects  upon  the  water  consumer  than  it  could  be  if  a  longer  term  ol 
storage  were  afforded. 

NORMAL   WATER  IN  THE   SCIOTO  BASIN. 

There  are  no  public  records  of  anal5\se8  of  a  distinctively  normal 
water  in  the  Scioto  Basin.  The  work  of  the  Oliio  State  Board  ol 
Health  has  so  far  been  confined  almost  entirely  to  the  examination  ol 
polluted  streams,  and  it  is  only  from  the  series  of  analyses  made  neaf 
the  headwaters  of  the  rivers  and  above  the  highest  points  of  appreci- 
able sewage  pollution  that  we  are  able  to  obtain  any  ideas  concerning 
the  character  of  these  waters  in  their  normal  state.  In  the  basin  oi 
the  Scioto  it  is  probable  that  the  analysis  affording  the  best  iden 
of  the  character  of  its  normal  water  is  that  which  has  l>een  made  ol 
samples  collected  above  the  city  of  Kenton,  in  Harding  County.  Th^ 
population  above  the  city  i»  a\moH\>  ewUT^Xy  YWT«bV,»  tUere  being  a  fe^' 
smnll  villagea,  containing  from  'Ih  to  10^^  VuYL^XAXaoiX&.^ai^^Xs^^ 


eontami nation  which  they  impart  t^  the  liea<lwat«rH  of  the  S<not,<>  is 
kardly  appreciable,  yet  it  can  not  l)e  said  that  tlie  water  which  n^aches 
Kenton  is  normal.  It  is  probably  nearly  so,  and  for  all  practical  i>ur- 
les  can  be  so  considered.  The  analyses  of  this  water  api>ear  in  the 
Idlowing  table : 

Table  113. — Analyses  of  ivater  from  the  Scioto  River  alnive  Kmiton. 
[Parts  p<*r  million.] 
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Ditoofcollec- 
tion. 

1 

1 

1806. 

FhlielS 

4 

None. 

Wjl6 

i^;n8t25... 
ft9lember25 
October  23  .. 
finemberl.. 

4 
2 
4 
3 
5 

e« 
None. 

6 

M 
M 

Ayerage.- 

4 

Nitrof^en  aH— 


0.514 
.462 
.292 
.238 
.240 


I 


I 
t 


0.0«2  0.034 
.008  .00:J 
.084 


.879 


.028 


I 


000 
000 


.030     .000 


1.50 
.42 
.00 
.00 
.00 


.571  I 
.  145 


.030     9..HH 
.010    1.900 


2.0 
1.0 
2. 5 

:^.8 
3.:j 

1.5 
2.8 


HanlnPHH. 

i 

~.  ~f 

1 

1 
< 

1 

730 

210  1  22« 

S05 

232 

025     234  I  130 


070 
005 


220 
252 


1.075  I  104 


122 
112 

510 


752  I  210     1H3 


1! 

i 


1,:I00 
480 
4:i0 
270 
3SK) 

1,900 

790 


rte,  earthy;  M,  iinwty. 
POLLUTION  IN  BASIN   OF  THE   SCIOTO. 

Kenton  is  a  city  of  0,852  inhabitants,  provided  with  sanitary  Hewers 
•ttd  Btorm -water  drains.  Both  systems  discharge  into  the  riv(M\  The 
•Ifeet  nx)on  the  water  is  easily  appreciable  upon  (examination  of  th(^ 
foDowing  tAble: 

Table  114. — Analysen  of  irater  from  the  Scioto  River  Motr  Kenton. 
fParlH  per  million.] 


Nitrogen  oh  - 

HanlneHH. 

^- 

Dateof  coUec- 
Uon. 

1 

Albuminoid  | 
ammonia. 

b 

a 

li 

1 

i 
I 

4- 

x 

3 

i 
t 

1  Alkalinity. 

i 

i 

y, 

% 

1 

1898. 

June  13 

4.5 

0.430 

0.142   0.020 

!.<»() 

4.0 

710 

214 

22S 

•July  16 

3.0 

1.720 

.470     .0(M) 

.(M) 

4.5 

720 

32 

. 

5,800 

Angart«5.... 

2.0 

1.328 

.384  1  .010 

.(M) 

0.5 

005 

232 

118 

2,400 

8eptomb6r25. 

3.5 

.3fi0 

.704  !  .003 

.00 

12.5 

045 

2:W 

114 

4,200 

October  28-. 

8.0 

.588 

2.  100 

.  (M)5 

.00 

is.o 

050 

258 

114 

17,000 

DecMnberl.. 

5.0 

.024 

.5S4 

.  030 

.44 

2.0 

975 

lis 

\m 

14,000 

AremgeJ 

3.5 1 

.841  1 

•"') 

;012 

7.9 

\  ";\>^ 

\     \H^i 

\« 

V  '^rvv^ 
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Continuing  down  the  Scioto  no  further  important  source  of  poUi 
tion  is  met  with  until  the  mouth  of  Little  Scioto  River  is  reached 
the  drainage  area  of  this  river  is  the  city  of  Marion,  contai 
according  to  the  Twelfth  Census,  11,862  inhabitants.     Sewer  om 
ent«r  the  river  a  short  distance  alx>ve  its  confluence  with  the  Sci< 
and  there  are  publishe<l  reconls  of  analyses  of  the  water  from  1A\ 
Scioto,  al>ove  an<l  Inflow  the  sewer  outfall,  which  are  reproduced 
Table  115. 

Tablk   115. — Analynett  nf  irtiter  fnvni   Little  Scioto  Rirrr  alntre  and  Itehnr  tM 

Marimi  Hetrern"  mitfall. 


[Partn  per  million.] 


"G 

NitrnKPn  wuf^ 

i 

PW^  iif  Milln*- 

*i 

s 

tl<m 

1 

si 

< 

1 

i 

s 

>5 

i 

t 

Above    Mft- 

rion. 

H 

0,4HB 

0.S7H 

kai3 

l.Sii 

r». 

Below    Ma- 

rion  ... 

3 

.4<M 

t.wr 

.m7 

1.8! 

Ifl, 

HardneMR. 

>, 

!, 

1     1 

1 

r 

1 

^ 

Banteria 

460 

204 

75 

8,200 

i! 


Hi 


553     231     m     9,500 


The  report  of  tiie  analyses  of  water  from  Little  Scioto  River,  takei 
below  the  Marion  sewer  outlets,  shows  clearly  the  foulness  of  the  con 
tribution  which  the  system  receives  from  this  tribut4ir}\ 

The  next  point  of  examination  of  the  Scioto  lielow  the  confluence c 
Little  Scioto  is  the  Ohio  Girls'  Industrial  Home,  which  contains  a  popi 
lation  of  over  4(X).  A  complete  S3''stem  of  sewers  is  here  provide<l,  th 
wastes  from  whicli  are  poured  directly  into  the  river.  Table  11 
shows  clearl}'  the  eff(K^ts  of  this  contamination  upon  the  stream. 

Tabt-k  110. — Amilynen  of  nyttcr  from  Scioto  River  alxtvennd  beloir  the  OhioOir\ 

Industrial  H<mir. 


[PartHp«»r  million] 

1 

3.0 

S 

s 
1 

Hardnem. 

i 
1 

S2 

Place  of  rolleo- 
tion. 

o.3:m 

h 

a 

1 

i 

0.176 

1 

< 

■. 

°1 

li 

Above  indus- 
trial home. 

0.080 

0.008 

0.0 

509 

175 

128 

1,600 

Below  indus- 
trial home. 

•  3.0 

.:«o 

.103 

.009 

.200 

\ 

7.5 

\ 

173 

\ 

126 

1,600 
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next  important  center  of  pollutiou  is  the  eity  of  Columbus, 
enters  Olentangy  River,  the  largoHt  stream  tributary  k>  the 
Above  the  confluenee  of  these  two  rivers  the  State  Boanl  of 
has  made  three  series  of  examinations,  one  at  Wyandot  Grove, 
Columbus  pollution,  another  aln^ut  3  miles  below  at  Jones's 
fhere  the  city's  sewage  begins  to  have  effect;  and  a  third  at 
ky  street  bridge,  near  the  mouth  of  the  Olentangy.  The 
of  this  interesting  series  of  examinations  appear  below. 


LK  117. — AiialyaeH  of  water  fnmi  Vie  Scioto  RIiht  at  WyufuM  Orove, 
[Partn  por  milliun.] 


x>llec- 


8. 


23.... 
er33- 
21  ... 
er3  .. 

snige. 


I 


2.0 

8" 

3.0 

2.0 

None. 

1.5 

e 

2.0 

« 

5.0 

e 

2.5 


Nltn>gun  I 


0.260 
.378 

.:M4 

.816 
.268 
.366 


.322 


i 
I 


0.040  0.003  0.300 
.038  ,  .003  .170 
.003  .0130 
.003  j  .030 
.  003  .  050 
.030  6.300 


.006 
.008 
.048 
.100 


.068   .005  1.150 


4.0 
5.5 
3.8 
7.8 
7. 7 
1.5 

5.0 


S 

& 


445 
500 
440 
550 
585 
467 

408 


Hardnecw. 


194 
183 
172 
176 
300 
146 


53 

04 

88 

136 

140 

133 


178  I  105 


730 
010 
200 
300 
300 
2,000 

740 


«»,  HWuetiMh;  c,  earthy. 
Table  118. — Analynes  of  wtiter  from  Scioto  River  nt  Jones  h  dam, 
[Part«  iKT  uiillion.] 


jUec- 


age. 


I 


•^    I      Sl 

5  !   S 


None. 
None. 
'    m « 

e 

e 

e 


%^ 


a 

«8.SS 


0.376  0.():{7 
39H      .  {YZH 


.;wo 

.  3(M) 
.3WJ 
.354 


.  003 
.()S8 
.083 
.  103 


.335      .071 


•on  as 

HarducRH. 

d 

1 

i 
t 

1 

s 

I 

I 

1 

< 

1 

0.(M»3 

0. 340 

4.5 

'  455 

104 

48 

810 

.  (M)3 

.300 

3.H 

510 

1M4 

104 

400 

.(M)3 

.  oso 

4.1 

4.V) 

17H 

80 

500 

.m.\ 

.(MK) 

7.3 

510 

176 

116 

;i50 

.(Mm 

.050 

7.4 

454 

W2 

134 

700 

.  035 

6.500 



1.30 

1.7 

4.8 

464 

140 
177 

136 
101 

3,200 

.007 

480 

840 
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Dateof  colleo- 
tion. 

5 

1898. 

June  13    .. 

2.0 

July  17 

3.0 

Auk.  2iJ    . . . 

2.0 

Sept.  2JJ  . . . 

2.0 

Oct.  21 

1.5 

Dec\  3  . 

6.0 

AveraKe. 

2.5 

NORMAL   AND  POLLUTKI)  WATEBS. 

1 

[mim 

ftlyMt'M  of  traierfntm  Scioto  Rir^^  ni  Samiuitku  J^t^fi  Mdgf,    | 

[PartMpermilUoii.l 

1 

Nitrogen  a»— 

1 

1 

Bardiu». 

6    ' 

i 

i 
1 

s 

Albuminoid 
ammonia. 

1^ 

fa 

1 

2 

i 

1' 

None. 

o.:M2 

0.110 

0.007     0.320 

7.0 

480 

190 

63 

l.'Ul 

M«     .376 

.048  j  .002       .3flO 

4.0 

480 

lfl4 

n 

l.W 

M       .394 

.200     .015       .<^70 

10. 1 

445 

i80 

78 

4,M 

M     1  .420 

.280     .005  1     Am 

11. ri 

4m 

133 

LOO 

10.11 

d 

.392 

.086  i  .004        .04fl 

K7 

51*5 

158 

98 

I.UI 

d 

.418 
.390 

.110 
.139 

.025 

5.820 
l.U») 

2.^ 
7.  a 

474 
477 

144 
168 

im 

10,41 

.010 

115 

4.HI 

f(M,  musty;  d,  diMatpriHSMbk'. 

The  OlentHiigy  drains  an  extremely  narrow  lia^iii  lyitijr  <^ast  of 
running  jmrallel  throughout  the  greater  part  of  11^^  length  to 
middle  section  of  tlie  main  river.  It  risr?*  in  the  northern  itart 
Morrow  County  and  flows  for  a  short  distiiiii'e  northwest wanl 
Crawford  County,  passing  the  city  of  Gallon,  whence  it  t^kes  a  aautt- 
erly  course,  running  witliin  5  miles  of  the  city  of  Marion,  and  aft^r 
flowing  through  Delaware  County  and  past  the  city  of  Delawart*  eiit^rt 
the  Scioto  at  Columbus. 

The  highest  point  of  pollution  on  Olentangy  River  m  Gallon,  n  city 
of  7,282  inhabitant's.  The  population  above  this  city  is  sparso,  and 
the  watiu*  in  ^le  river  is  therefore  nearly  nonnal.  The  State  Board 
of  Health  ('ondu(*t<*d  in  the  year  18i)8  a  series  of  analyses  of  the  water 
in  the  river  a]>ove  and  below  the  outlet  of  Gallon  sewers,  the  average 
results  of  which  appear  Ijelow  in  Table  120.  As  the  analyses  indicate, 
the  effect  of  Gabon  sewage  on  the  river  is  marked. 

Tablk  120. — AnalyseH  af  water  from  Olentangy  Rivi'r  above  ami  below  Gnlion. 

(Parts  jK^r  million.] 


Niti^*K<^iiiu*— 

i 

1 
S 

1 

Barclnf^^^ 

1 

^ 

plac*'  uf  i/illacH«u. 

i' 

2 

II 

< 

1 

c 

i 

1 

1 

^ 

S 

^ 

|i 

Ill 

A  boT«  CI»lioti 

:u   mJ 

niffB 

U.l\M 

ikfti^ 

llvMA 

S.3 

m 

^W 

m 

uo 

J 

Below  Qalioii...,^ ., 

aa   M 

.0941 

A.m 

.111 

.4Hrj 

50.1 

tm 

au 

im 

49.cai 

i 

o:&i,ixi\ui^7. 
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point  of  pollution  worthy  of  consideration  next  below  Galion  is 
ire,  th^  largest  (uty  in  and  the  county  seat  of  Delaware  County, 
bribut^iries  enter  the  river  l)etween  these  two  cities,  so  that  the 
is  many  times  larger  at  Delaware  than  it  is  40  miles  al)ove,  at 
The  water  in  the  river  above  Delaware  is  markedly  improved, 
It  be  exi)ected,  but  after  receiving  the  contents  of  the  city  sewers 
iditions  are  again  undesirable,  as  shown  in  the  following  table: 

21. — Analyses  of  water  from  Olentangy  River  aboi'e  and  below  Delaware, 
tPart«  iwr  million.] 


NJtruKfJn  fuf^ 

i 

HmnXnim^. 

6 

*c  . 

h 

•g 

i*f  collactiou^ 

a,5 

|| 

k 

t 

1 

£ 
n.H«o 

1 

i 

1 

«L 

M» 

1^ 

1 

1 

1 

2;& 

1 

1 

F' 

i4l«wttre 

bAm 

o.tiM 

1*090 

e 

*lAwaif«,  ,.,,,^, 

an 

M 

Ml 

.m 

.illT 

.BIO 

H.n 

m 

m 

m 

him 

ft 

a  M,  musty 

:-e  are  of  public  record  two  series  of  analyses  in  the  lower  part 
itangy  River.  The  sami^ling  i)oint  at  Olentangy  Park  is  above 
•ious  pollution  of  Columbus,  while  the  otlier  is  at  Dublin  Bridge, 
city  of  Columbus,  just  above  the  confluence  of  the  Olentangy 
ioto  rivers. 


LB  122. — Analyses  of  water  from  Olentangy  River  at  Olentangy  Park, 

[PartH  iwr  millioH.] 


x>lloc- 

u 

i 

1 

3. 

3.0 

e« 

[ .... 

2.5 

None. 

i .... 

3.0 

e 

2.0 

e 

Tage. 


5.0 


3.0 


Nitrogen  a»— 


oi 

|i 
I- 


t 
g 


.334 
.354 
.28« 
.  302 

.  353 


0.002  0.003 
094  .  003 
076 


.072 
.060 


.074 


.002 
.  005 
.020 

.007 


I 


0. 240 
.  050 
.000 
.120 

4.050 

1.070 


HardneaH. 

c5 

III 
a 

S 

1 

1 

9 

1 
< 

5? 

u 

K 

■s 

9 
t 

& 

3.0 

390 

178 

50 

080 

5.8 

450 

206 

74 

700 

10.2 

555 

204 

134 

400 

1 .  i 

620 

226 

122 

280 

3.0 

404 

126 

188 

98 

1,800 

5.9 

484 

96 

770 
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Tablr  12».—Analy8eM  of  itxUer  of  Olentangy  River  at  Dublin  bridge,  Colua 

[Parts  per  millioii.] 


Color. 

Nitrogen  aft- 

1 

1 
1 

HardnesB^ 

Dateofcx>Ueo- 
tion. 

1 

•0 

Free  ammo- 
!          nia. 

1 

1 

1 

< 

1^ 

0 

\sm. 

June  13 

2.0 

e"  0.294 

0.0«6 

0.011 

0.210 

5. 5 

415 

202 

48  1  1 

July  17 

8.0 

...J  .388 

.a58 

.004 

.320 

3.2 

360 

166 

44h 

Aug.23  .... 

2.0 

M     .302 

.096 

.002 

.020 

5.4 

440 

194 

72  [i 

Sept.28  . ... 

2.0 

M     .3.52 

.126 

.001 

.000 

8.5 

525 

192 

no; 

Oct.21 

1.5 

M      .294 

.036 

.002 

.000 

8.7 

585 

218 

112 

Dec.3 

10.0 

M 

.372 

.074 

.020 

4.800 

3.0 
5.7 

387 

132 

184 

96  j  4 

Average. 

3.4 

.334 

.076 

.007 

.890 

452 

80 

1 

ne,  earthy;  M,  musty. 

The  analysoH  in  Table  123  show  the  character  of  the  water  cont 
uted  to  the  Scioto  system  by  its  main  tributary.  Comparison  of 
various  tables  of  analyses  of  the  water  of  the  Olentangy  will  s 
that  at  the  mouth  of  the  river  the  condition  of  the  water  is  far  be 
than  it  is  below  Galion,  near  its  headwaters.  Along  the  lower  lei 
of  the  river,  however,  the  water. is  highly  polluted  and  is  unfit  for 
as  a  public  supply  without  purification.  The  other  values  of 
river  are  not  seriously  impaired,  but  as  its  resources  are  confi 
almost  entirely  to  those  of  water  supply,  there  is  little  that  remi 
as  available  assets. 

Below  the  confluence  of  the  Scioto  and  the  01entang>'^  the  bee 
the  main  river  is  very  flat,  so  that  it  Ixjcomes  in  places  alraos 
slack- water  stream.  The  storage  advantjiges  are  thus  increased,  j 
the  river  has  remarkable  8elf-i>urifying  powers.  Below  Colum 
the  first  sampling  point  is  Frank  road  bridge,  which  is  situated  v 
down  toward  the  lower  part  of  tlie  city.  Analyses  of  the  water  tal 
at  this  point  show  the  effect  of  the  mixture  of  the  upper  Scioto  a 
Olentangy  waters  and  the  sewage  from  Columbus. 
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IW.— -Ana/fWM  of  vxUtr  from  the  Scioto  River  at  Fmnk  nntd  brid{n\ 

Columbus, 


[PHTtii  per  mi 

UUm.\ 
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^ 

Nltmsen  as- 

^• 

1 

HarrIn(*NH. 

■loccouec 

11 

Km 
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i 

18»7. 

1 

1 

; 

bell.... 

3.0 

do 

i.ido 

3.323  i 0.(K«) 

10.0  , 
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2.W 

80  j      H,«()0 

UjlT 

4.0 

d 

.896 

1.644  0.188  '  .0(H) 

la.o 

440 

182 

H4  j  «4,0(K) 

tapi8t23.. 

I4.O 

d 

1.136 

3.824  1  .000  .  .0(X) 

21.0 
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2.VJ 

04    1»5,(KH) 

t"'"'. 

l8.0 

d 

.876 

7.600  I m) 

:i\Ki) 

(iso 

a:{o 

112   250,000 

6Blober21  . 

5.0 

» 

2.340 

10.170     .000 

.000 

41.5 

705 

a44J 

»2    In;<,(K)0 

1)Kember4. 

'4.0 

1 

**. 

.780 

.880     .070  ,4.420 

i\.() 

472 

KM) 

i:W  'i;}5,<K)0 

Average  . 

i" 

■ 

1.103 

4.406  ;  .043  !  .74 

22.  7 

5(J2 

252 

100 

140,000 

ad,  diw^cuablo;  o,  dily. 

Seven  miles  below  Frank  roa<l  bridge  is  Shad<»vilh»  bridge,  at  whicli 
[  A  series  of  analyses  was  made,  the  average  results  of  wliieh  are  rei)ro- 
I  dnoed  in  the  table  below: 

Table  185. — Analyses  of  water  from  the  Scioto  liivrr  at  Shadevillc  bridge, 

[PartM  iMT  million.] 


HardiK*HH. 

^ 

(- 

X 

•Si 

1 

1 

< 

5? 
74 

1 

285 

7,200 

Sis 


Circleville  is  a  village  of  0,091  inhabitants,  situat<^d  near  the  (M»iitral 
part  of  Pickaway  County,  al>out  30  miles  Indow  Columbus.  A  series 
of  examinations  made  of  tlie  river  wator  taken  at  Main  street  bridge 
has  !)een  made  by  the  State  JJoard  of  Health,  the  reiwrtsof  which  are 
8etforth  in  Table  126. 
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Tablt«  126. — AiuilyaeJt  of  water  from  the  Scioto  River  at  Cirdeviile. 
[Pftrts  per  milUon.] 


Date  of  collec- 
tion. 


1897.        I 
July22 ;  10.0 


Aug.  26 

Sept.  27--  . 

Oct.  25 

Dec.  4 

Average. 


2.0 
1.5 
2.5 
5.0 


NitroKen  i 


ea 

e 
M 
M 


4.0 


•o 

^ 

1l 

U 

1 

1 

f 

5 

b 

< 

fe 

>5 

^ 

0.660 

0.118 

O.OJW 

1.13 

.378 

.:i52 

.023 

.16 

.320 

.210 

.007 

.314 

.  534 

.045 

.13 

.424 

.344 

.050 

2.68 

.419 

.312 

.031 

.82 

«e,  earthy;  M,  musty. 

It  will  be  seen  that  the  water  at  Cirdeviile  has  been  purified  to  i 
considerable  extent  in  its  course  from  Columbus  down.    Free  ammon 
nitrites,  and  chlorine,  the  standard  indicators  of  sewage  pollutio 
in  water,  are  very  much  redu(»ed,  and  the  analyses  at  the  lower  poiB 
indicate  l)etter  conditions. 

The  only  important  point  of  pollution  below  Cirdeviile  is  the  citJS 
of  Chillicothe,  containing  12,975  inhabitants.  No  analyses  of  watoi 
taken  below  this  place  are  recorded.  Sixty  miles  below  ChilliGotM 
the  river  enters  the  Ohio  at  Portsmouth. 

Little  remains  to  be  said  concerning  the  Scioto.  The  conditions  ot 
the  river  are  wholly  favorable  to  the  purification  of  foreign  matteii| 
that  are  poured  into  it,  but  the  raw  sewage  it  receives  from  the  varioofl 
cities  constitutes  a  source  of  contamination  that  can  not  be  overcome. 
The  river  is  little  more  than  a  dumping  ground  for  refuse,  and  its 
misuse  affords  a  good  example  of  the  wanton  destructio;i  of  a  valuable 
resource;  but  the  work  of  the  State  Board  of  Health  of  Ohio  bids  fair 
to  be  fruitful,  so  that  we  may  confidently  expect  great  improvements 
in  sanitation  in  the  Scioto  Valley. 

OHIO  RIVER  AT  CINCINNATI. 

On  Ohio  River,  below  tlie  mouth  of  the  Scioto,  a  series  of  notable 
investigations  has  been  made  by  Mr.  George  W.  Fuller,  following  his 
work  on  the  water  supplies  of  Louisville  and  Cincinnati,  and  the 
rei)orts  of  these  inquiries  are  probably  the  ablest  that  have  been  pre- 
sented on  the  subject  in  this  country.  The  Cincinnati  report,  in  » 
concise,  definite,  and  methodical  manner,  gives  just  the  facts  neces- 
sary to  the  discussion,  and  shows  the  character  of  the  water  of  the 
Ohio  as  it  comes  down  to  Cincinnati,  bearing  traces  of  all  the  pollo- 

.  tion  heretofore  considered,  as  well  as  a  large  amount  derived  from 
tributaries  that  have  not  yet  beeiv  mv^^W^aX^i^,  ox  i\\^  Investigations 

of  wliicli  are  not  of  public  i-ecord.    T\i^\^loT^  ow^  ^\i  ^\tvn^  v^v» 
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mding  of  the  character  of  the  Ohio  River  at  tliis  point  no 
lan  by  consulting  the  above-mentioned  n^port,  parts  of  wliich 
convenience,  here  reproduced." 

3nt8et  it  is  imperative,  for  a  clear  niiderHtaiKliiiK  <>f  thin  reiK)rt.  tliat 

lid  bfe  fixed  in  mind  the  two  mcwt  charactcriHtic  f«»atnn'H  of  the  liK^al 

?r.  as  follows: 

wide  range  in  the  amount  of  sniipended  mutter  prc^wnt  in  th»»  water. 

^reat  variations  in  the  natare  of  the  HUHpencled  matter,  and  eHjHH'ially  in 

f  the  particles. 

rehensive  idea  of  the  amonntH  of  8nHpend(»d  matt^'r  found  at  different 

his  water  during  the  year  1898  iH  shown  in  the  following  summary: 

Table  127,— Turbidity  of  Ohio  Rinr  irafrr. 
[Parts  p«r  million. 1 


-er  of  dayfs  IWH. 


Correapond- 

inff  Tsmffe  of 

mifipenaed 

matter. 


NuinlM.T  of  (btyH,  IWW. 


(«)  1,29. 

11-50        5.. 
51-100   I     1 . 
101-250  !' 


251-500 


Average 


C^»mwpond- 

iiiK  range  of 

miHi)ondo<l 

matt«'r. 

501-1,000 
1 ,001-2,000 

2:30 


nLcm  thanlO. 


''()v«»r  )i,(mi>. 


jat  variation  in  the  character  and  size  of  the  susinnided  matters  is  best 
i  by  the  following  table,  in  which  t)ien»  is  indicated  the  different 
!  subsiding  values  (or  sizes)  of  two  extrenu*  tyix's  of  the  river  water. 
charaeteristic  of  the  water  during  the  early  ])ortion  of  a  heavy  freshet » 
3  heavily  laden  with  silt  and  fairly  coarse  clay,  and  Type  II  is  represent- 
the  water  during  later  portiims  of  rises,  while  it  is  charged  to  a  greater 
legree  with  very  fine,  minute  particles  of  clay. 

128. — Periods  of  ftiihsidenee  neccHsonj  with  inttvr  from  Ohio  River  at 
jAtui}rrilU%  Ky. 


riod  of  Hub«idenco  (hour«). 


SuHpf^ndcH 
IMirts  1M>1 

I  luatttT  in 
•  million. 

TyiM*  II. 

Per  ront 
Type  I. 

remo 

VOf 

Typo  I. 

Ty 

IM> 

tl. 

2,  ;j;w 

205 

0 

0 

982 

81 

60 

55 

65:3 

HO 

72 

56 

:39() 

79 

HH 

56 

:350 

T:^ 

85 

58 

:300 

61 

87 

63 

259 

44 

89 

67 

210 

:^6 

91 

70 

186 

31 

92 

72 

m  Types  I  and  II  there  are  found  in  the  course  of  a  year  an  almost  end- 
ber  of  intermediate  combinations. 

♦  *  ♦  ♦  ♦  ♦ 

rect  causes  of  these  variations  in  the  Ohio  River  water  are  the  rises  or 
vhich  are  so  characteristic  of  this  stream.    Inditectly  thftt^  are  a  number 


t  on  investigations  into  the  purification  of  tbo  ObioUWQT  w%X«t^\?fift,^.^  ^\.^mw\. 
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of  factors  which  exert  much  influence.  Among  them  are  the  amount,  rate,  dii 
bution,  and  frequency  of  the  rainfall  in  the  valley,  and  also  the  surface  geok 
topography,  area,  and  length  of  the  watershed,  and  the  condition  of  the  sdl  at 
time  of  heavy  rains.  To  solve  the  problem  of  establishing  the  relation  betv 
the  composition  of  this  river  water  and  the  factors  affecting  it  is  a  complex  mat 
and  so  far  as  our  knowledge  goes  there  are  available  no  adequate  data  for  tiie] 
X)oee,  nor  are  such  data  being  obtained. 

«  •  «  •  «  «  * 

The  watershed  of  the  Ohio  River  above  the  intake  of  the  new  Cincinnati  wal 
works  at  California  has  an  area  of  about  70,600  square  miles.  This  area  inda 
portions  of  the  States  of  Ohio,  New  York,  Pennsylvania,  Virginia,  North  Q 
Una,  West  Virginia,  and  Kentucky. 

Above  the  intake  of  the  Front  street  pumping  station  (used  during  these  tei 
the  area  of  the  watershed  is  estimated  at  72,400  square  miles.  In  addition  to 
area  at  the  new  intake  the  last  area  includes  that  of  the  watershed  of  the  Li 
Miami  River,  and  that  of  the  Ohio  River  itself  between  the  Little  Miami  and 
Front  street  intake,  a  distance  of  about  6  miles. 

About  half  ^  mile  downstream  from  the  Front  street  intake  the  Licking  Si 
empties  into  the  Ohio  River  on  the  Kentucky  side.  At  this  point  the  non 
width  of  the  river  is  about  1 .000  feet.  The  Front  street  intake  is  situated  ab 
200  feet  from  the  Ohio  shore,  and  in  a  straight  line  is  distant  about  4.000  feet  fi 
the  mouth  of  the  Licking.  Under  some  conditions  of  river  stages  and  of  wi 
storms  the  waters  of  the  Licking  reach  the  Front  street  intake. 

The  Licking  River  has  a  watershed  of  about  3,300  square  miles.    Adding  1 
to  the  above,  there  is  obtained  75,700  square  miles  as  a  total  area  of  the  wa 
shed  of  the  Ohio  River  above  the  present  intake  opposite  the  city. 
Tablb  129. — Table  showing  the  monthly  rainfall  in  inches  at  txirious  statiom 
the  Ohio  River  Valley  for  the  year  1898, 
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Jkh 

Fflb.' 
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Apr, 
L16, 

M>y. 

1.68 

July. 

A».. 

Sept, 

t>ct. 
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Dw. 

Ti 

ClnetniifctUUhlci.. 

IM 

t.t\. 

S,« 

tM 

%m 

t,m 
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1 
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m.m 

i.m 

fi.l4 

f-t* 

a.  53 

a  13 

a.«T 

«.W 

x.vn 

a* 

t.54 

3E.71 
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^m 

t.*^ 

fi.m 

IIV 
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iM 

AM 

^S3 
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«-« 
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W.V» -., 

HM 

\.m 

5.«1 

LM 

8<fil 

rm 

tM 

fl.40 

%m 

3.Ui 

«.fl7 

ft5T 

< 
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Vr 

1TB 

AM 

4.38 

4m 

8LW 

4.M 

am 

8.16 

\ 

MMrIett&,Ohki.,„ 

lU 

8.  aft 

■ 

Wli*«lin(r.W.Va. 

4.:b 

«.«! 

hM 

n,n 

a.s* 

3.118 

hM 

i.m 

a«4 

^.m 

t.m 

S.09 

\ 

PItiHbunf.Pft 

^m 

\.m 

hM 

\M 

%M 

3.fll* 

lJ,fi6 

AM 

roB 

SiBfi 

£.84 

l.» 

\ 

OilCit>',P» 

R.ffi 

t,m 

BT4 

1.18 

4,«4 

4.6ii 

4.45 

n.n 

£.11 

5:i» 

4,33 

8.00 

1 

Table  130. — Table  shoidng  the  normal  monthly  rainfall  in  inches  at  vari 
stations  in  the  Ohio  River  Valley. 


etatkm. 


Jftn.   Feh.  lUf.  Aprr.  Umif.  Jtme.sJtily.  Ati£.  Bept.  Oat  iNof^.  Deo.  ^ 


CiiidiiiiAtl.Olilo 

PoHfnjoi]  til ,  Oblo 

CotlBttebur^^  Ky 

Paint  PkAftftiit» 
W.Va__ 
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P&rk^i^burff,  W. 
r«, 

Wheeling,  W.  Va . 

PittMhUFg.Pl^.^ 


as 
a5 

4.3 

as 

9.1 


a  7 
as 

4.0 

4.1 
3.1 

0.1 
8.(1 


a,fi  I  4.0.  1.4    a#    aj     si3 
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8.4 
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31f   OF  THE  FRBQUKNCT,  HfTXNBITY,  AND  DURATION  OF  RWKR  OR  FLOODH 
THK  OHIO  RIVXR  AT  OINOINNATI  DURING  1896  WITH  THE  NORMAI.. 

bject  is  one  of  great  importance  from  a  practical  HtandiN>int.  becaune  it 
1  factOTB  which  directly  prodacethe  large  qnantitiertof  aud  variations  in 
^iB  suspended  in  the  river  water.  In  view  of  the  fiu-t  that  th(»8e  bhs- 
atters  are  a  XK>iiit  of  vital  signiflcance  in  connection  with  the  conntmc- 
Q  applicable  system  of  clarification  and  pnrifi(*atiun.  and  h1m>  in  tht' 
and  economy  of  its  operation,  it  is  net^esHary  to  know,  at  leiiHt  in  general 
»w  nearly  normal  was  the  suspended  matter  dnrinK  theM«  teHts,  and 
b  wonld  be  very  desirable  to  be  able  to  foretell  the  conditionH  with  regard 
iX>ended  matters  dne  to  rises,  as  an  aid  in  the  oix^ration  of  a  plant. 
onpliah  these  pnrposes  involves  a  study  of  the  frec^nency.  intennity,  and 
of  the  rises  in  the  river.  It  is  an  easy  matt(»r  to  deal  with  the  firHt  of 
toTB,  except  when  the  rises  overlap  ea(;h  other;  but  toentabliHli  a  relation 
suspended  matter,  both  in  amotmt  an<l  c-hanu*ter  and  the  intensity  and 
of  rises,  is  a  very  difficult  and  perplexing  i>rol)leni.  At  the  begiiming  of 
the  rapidity  with  which  the  water  rises  seems  to  1h>  a  great  factor,  and 
rapid  is  the  rise  the  greater  is  the  anionnt  of  HiiHi>euded  matter  and  also 
ntage  of  silt.  When  the  rise  is  of  a  long  duration  it  is  found  that,  Avith 
rs  coming  from  the  head  of  the  valley,  the  weight  t)f  Husi)ended  matters 
Y  decreases,  but  the  percentage  of  clay  steadily  increast>s,  owing  t^)  the 
n  of  silt  in  the  stream  itself. 

ow  it  is  best  to  arrange  the  available  datn  to  throw  light  upon  these 
not  wholly  clear  to  us,  since  all  efforts  in  this  diriH-tion  are  wholly  arbi- 
a  of  necessity  incomplete.  However,  it  is  believed  that  a  comiMirison  of 
isity  and  number  of  rises  in  the  river  with  the  rises  for  the  jwist  ten  years 
\  as  good  a  comx>arison  for  this  pnrix)f^e  as  can  1r*  obtained.  Iii  the  follow- 
>,  therefore,  are  given  the  number  of  days  on  whicli  the  river  wiis  rising 
ely,  rapidly,  very  rapidly,  and  when  there  was  developing  an  extreme 


31. — Number  of  days  in  the  year  on  which  ihr  Ohio  Kirrr  it^as  risiiuj  at 
varioiM  rnten  during  the  hittt  tvn  yearn. 


Riitiiot  rise  in  f<N'>t  imt  day. 


Year. 


:<.o-r>.i». 


I 


njMl.M.  '  Ov«»ria. 


verage 


GO 

oa 

44 
:w 
34 
24 
2« 
47 
45 
54 

44.0 


12 

3 

0 

:U 

4 

0 

24 

4 

0 

10 

5 

1 

23 

2 

0 

8 

4 

0 

11 

5 

1 

24 

2 

0 

21 

2 

1 

25 

" 

0 

18.9 

8.6 

0.3 
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Table  132. — Summary  of  amountH  of  the  several  constituents  found  in  wattr^ 
Ohio  River  during  the  year  1898,  i 


Coniftitaent. 


Total  Hnspended  matter 

Suspended  organic  matter  (nitrogen  as  al- 
buminoid ammonia) 

Total  dissolved  residue 

Total  nitrogenous  organic*  matter 

Nitrogen  as  free  ammonia 

Nitrogen  as  nihites 

Nitrogen  as  nitrates 

Chlorine 

Sulphuric  acid 

Normal  hardness 

Alkalinity 

Microscopic  organisms    per  cubic  centi- 
meter   - 

Carbonic  acid 

Bacteria  per  cubi(^  centimeter 


Parte  per  million. 


Minimum. 


24.0      I 

I 


0.7r>8 

0.022 

0.* 

228.0 

67.0 

mjj 

0.8«8 

0.106 

0.^ 

0.074 

0.008 

0.i 

0.030 

0.000 

0.-i 

1.34 

0.37 

o.i( 

44.0 

3.0 

I0.ft: 

46.0 

13.0 

34.0^ 

57.0 

11.0 

38.0] 

70.0 

20.0 

45.9 

40.0 

47.0 

6.0 

3t.O 

150,000 

1,000 

30.00 

Odor, — The  river  water  ordinarily  has  a  slight  odor  characteristic  of  surftc 
waters,  the  nature  and  intensity  of  which  are  somewhat  variable.  At  differa 
times  the  odor  is  musty,  aromatic,  resinous,  and  vegetable.  The  latter  is  moi 
noticeable  after  heavy  rains  during  the  warm  portions  of  the  year.  These  odoi 
become  more  pronounced  upon  heating  the  water,  but,  so  far  as  noted  duria 
these  tests,  there  is  a  practically  complete  absence  of  disagreeable  or  objectioi 
able  odors. 

Color, — Independent  of  the  suspended  matter  in  it  the  normal  river  water: 
practically  colorless,  although  in  absolute  terms  it  contains  a  small  but  measoi 
able  amount  of  color.  It  seems  quite  probable  that,  at  times  following  certai 
kinds  of  rises  in  the  river,  there  is  an  appreciably  larger  amount  of  dissolve 
color  in  the  water  than  is  normally  the  case;  but  experience  shows  that  ordini 
rily  it  is  easiet  to  remove  the  unusual  amounts  of  dissolved  color  than  is  the  ca* 
with  the  finest  particles  of  suspended  clay.  After  i)a8sage  through  a  PasteB 
filter  or  a  fine  paper  filter  the  water  contains  no  color  which  is  ordinarily  visibL 

Taste, — Ordinarily  the  river  water  has  an  earthy  taste,  which,  however,  doe 
not  become  disagreeable  except  at  times  of  great  turbidity.  Freed  of  its  sm 
pended  matter,  this  water  has  a  very  satisfactory  and  agreeable  taste. 

Appearance. — The  turbidity  of  the  river  water  is  such  that  its  appearance  i 
almost  always  unsatisfactory  and  uninviting,  and  for  about  half  of  the  time  it' 
BO  turbid  that  it  is  repulsive  when  considered  for  domestic  use. 

Weight  of  suspended  matters, — When  expressed  in  x)arts  by  weight  per  miUio: 
parts  of  water  by  volume,  the  suspended  matters  in  this  water  normally  rung 
from  20  to  2,500  and  average  about  230  parts. 
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Character  of  stutpended  mattern, — In  character  aH  w<*ll  an  in  amount  of  siw- 

lended  matter  the  river  water  pomesses  a  wide  and  rapidly  chanKin^  dr^rt^*  of 

miabOity.    The  water  in  the  course  of  the  year  <-ontaiiiH  an  aliiu»st  eiidh'ss  cnin- 

Ifatttion  of  varying  proportions  of  fine  sand  imuUMip  of  jMirticU's  of  (piartz  and 

^  sihcates,  with  high  8i)ecific  gravity  and  a  diam(>tf'r  lar^fT  than  njHV*  inch: 

(fsQt with  its  intermediate  size,  specific  gravity,  and  (•oniiH)sition:  and  "f  very 

ltodayx»rticles  of  aluminum  silicate,  with  varying  d»'j<ret?s  of  liydration.  nf 

bv  specific  gravity,  and  of  a  size  ranging  from  n.(MM»'j  inch  to  less  than  o.immK)! 

Ul 

imoutif  of  organic  matter. — The  organic  matter  in  tli**  river  water  ninj;<*s  from 

lamcmnt  which  is  fairly  normal  for  Eastern  waters  to  ijnantities  (dnrin^  riw?*) 

vUchare  excessive,  as  judged  hy  the  data  for  nuiiiy  years  (•oll«*cted  from  riv»Ts 

W  located  in  this  general  section  of  the  ('(mntry.    Tlu*  l«H-al  data  snmniariz«Ml 

ifcoveare  a  striking  proof  of  the  fact  that  it  is  not  the  amount  Imt  the  character 

iftfae  organic  matter  which  is  of  imjwrtance  from  a  sanitary  stan(liM)int. 

Character  and  stability  of  organic  matter. — From  the  imme<liat«'ly  a<l.ioininj^ 

f  portion  of  the  watershed  there  is  quite  an  amount  of  sewage  iM)lluti« m.     ( )\vinK  to 

Ae  large  dilution,  the  deleterious  effect  of  this  is  ;<reatly  attenuate<l.     I5y  no 

tens  is  it  eliminate<l  at  times  of  comparatively  clear  water,  but  durinjr  ris«'s  this 

crude  organic  matter  to  a  considerable  degree  s^ni-ms  to  be  united  and  atta<lird  to 

]itrticles  of  suspended  matter,  and  thus  carried  t<>  the  ]M)ttom. 

The  consequence  of  this  dilution  and  sedimentation  is  tliat  the  wat^r  contains 
Very  little  organic  matter,  except  that  of  a  fairly  sta})le  character  coming'  from 
the  washings  of  the  surface  of  the  earth.  With  water  taken  from  tlie  new  intake. 
ibove  the  local  sources  of  pollution,  this  will  1m*  true  to  a  still  ^^reater  de^n'e. 

Alkalinity, — The  alkalinity  is  caused  by  the  carbonates  an<l  bicarbiniatt's  «>f 
ime  and  magnesia,  and  in  a  measure  corresponds  to  temporary  hardness  (bi<-ar- 
ionates).  It  is  the  alkalinity  which  measures  the  cai)acity  of  the  watrr  to  <hM«)ni- 
Jose  sulphate  of  alumina  and  other  coa^ilatin^  sidts.  This  wat<'r  contains  an 
kverage  and  minimum  alkalinity  of  4.")  and  'JO  i)arts  per  million,  resiwctively.  Hy 
hese  amounts  of  alkalinity  there  can  Iw  decomposed,  respectively,  about  Jl.T)  and 
J  grains  per  gallon  of  sulphate  of  alumina  of  ordinary  c(»miM)sition.  assiste*!  by  the 
iverage  absorption  of  chemical  by  the  suspended  matters  in  the  water. 

Incrusting  constituents. — Those  constituents  of  water  which  produce  incrusta- 
tbiis  in  steam  boilers  comprise  the  sulphates,  chlorides,  and  perhai)s  nitrates  of 
Kme  and  magnesia.  In  this  water  they  are  present  (On  an  averaj^e  of  :{:{  parts  per 
miUion)  to  a  degree  greater  than  in  most  of  the  Eastern  w^aters,  but  smalh^r  than 
in  the  waters  farther  west.  On  the  whole,  this  water  is  a  good  ont»  for  Ixnler  pur- 
poses, so  far  as  incrusting  constituents  are  concerned. 

Oaseous  constituents. — Atmospheric  oxygen  is  apparently  present  in  this  water 
during  cold  weather  to  about  th(»  limit  of  saturation,  and  duriuK  the  warm  seascm 
there  is  contained  in  the  water  rather  more  oxygen  than  is  the  ciise  with  some 
Borface  waters,  although  the  (juantity  at  times  l>ec()mes  only  about  40  iwr  cent  of 
that  found  during  the  winter.  Carlnmic  acid  (carlnm  dioxide)  is  prest^il  in  this 
^ter  to  a  degree  which  is  apparently  high,  according  to  the  limit<'d  dat^i  avail- 
able from  Eastern  sources,  but  much  lower  than  is  the  case  with  waters  farther 
^est  coming  from  limestone  regions. 

Taking  together  atmospheric  oxygen  and  tlu^  carlwuic  acnd,  tln*y  uuike  the  nat- 

^^  conditions  quite  favorable  for  the  corrosi(m  of  unprotected  iron  re<'t?ptacles, 

"^t  the  corrosion  of  lead  piiKjs  is  jiromptly  arrested  by  the  at^tion  of  dissolved  con- 

^tnents  of  the  water  itself. 

lumbers  and  kinds  of  bacteria. — (hi  an  average  the  uimibers  of  Itacteria  in  the 
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river  water  (abont  20,000  per  cnbic  centimeter)  are  rather  higher  than  in  the 
nary  river  water.  The  range  is  also  very  great,  1,000  to  150,000,  and  is  aasoc 
very  intimately  with  the  rises  of  the  river.    . 

At  the  present  point  of  intake,  opposite  the  city,  a  considerable  number  o: 
bacteria  are  of  sewage  origin.  These  sewage  bacteria  will  be  largely  a1 
apparently  in  the  water  taken  from  the  new  intake  at  California. 

Microscopic  organisms, — The  turbidity  of  the  Ohio  River  water  was  so  | 
during  the  larger  -part  of  the  year  1898  that  the  sunlight  was  excluded  to  a  d< 
practically  inhibiting  the  growth  of  algae*  and  similar  micro-organisms.  "V 
the  river  water  was  low  and  fairly  clear  these  organisms  were  present  in  cone 
able  numbers,  but  did  not  become  of  practical  significance.  The  dissolved 
stituents  (such  as  nitrates)  in  the  river  water,  and  especially  at  times  of  low  w 
are  well  adapted,  however,  as  a  food  for  the  organisms  which  also  require 
light  for  their  development. 


Table  183. — Suspended  matter  in  water  of  Ohio  River  at  Cincinnati  from  Jan 
10  to  March  £S,  1898 y  with  corresponding  stages  of  Jieight  of  river  in  feet 

[In  piurts  per  million.] 


Date. 

Stage  of 
river. 

Snji- 
pended 
matter. 

Date. 

Stage  of 
river. 

SOA- 

pended 
matter. 

Date. 

Stage  of 
river. 

RBI 

ma 

Jan.      10 

33.0 

2,333 

Feb.      3 

25.0 

372 

Feb.    24 

33.0 

11 

32.2 

1,151 

4 

21.5 

184 

25 

83.2 

12 

35.4 

1,024 

5 

18.7 

134 

26 

32.4 

13 

88.0 

719 

6 

16.5 

113 

27 

30.7 

14 

37.7 

578 

7 

14.7 

108 

28 

28.0 

15 

39.7 

470 

8 

14.0 

96 

Mar.     1 

25.0 

16 

42.5 

433 

0 

13.4 

88 

2 

27.6 

17 

44.3 

416 

10 

13.0 

172 

4 

18.7 

19 

44.5 

308 

11 

13.7 

237 

5 

17.5 

21 

45.5 

358 

12 

16.2 

401 

8 

15.4 

22 

44.4 

285 

13 

17.3 

377 

12 

16.3 

23 

49.7 

401 

14 

19.5 

182 

15 

17.6 

24 

50.4 

535 

15 

23.5 

425 

16 

19.0 

25 

51.3 

522 

16 

27.6 

262 

17 

22.6 

26 

52.2 

601 

17 

30.0 

246 

18 

25.2 

27 

51.2 

533 

18 

31.4 

236 

19 

28.6  , 

28 

49.3 

292 

19 

30.7 

192 

21 

41.0 

29 

47.1 

269 

20 

31.1 

413 

22 

42.3 

30 

43.5 

207 

21 

30.5 

298 

•      23 

46.7 

31 

39.1 

57 

22 

30.6 

149 

Feb.      2 

29.5 

248 

Feb.    23 

30.6 

310 

Of  great  importance  as  evidence  of  sewage  pollution  were  the  t 
for  Bacillus  coli  communis,  which,  as  stated  in  previous  pages,  is 
intestinal  parasite.     Mr.  Fuller  found  that  there  was  little  room 
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wbt  that  this  germ  was  constantly  present  in  tlio  rivor  water.  He 
Btes: 

From  the  evidence  at  hand  it  is  probable  that,  by  takiiiK  ^  cubic  ceiitiiiieterH 
r  each  teet,  this  germ  would  be  foand  practically  without  exrei)tinii.  Ui)on 
king  1  cabic  centimeter  for  each  test  the  identity  of  thiH  luicilhiH  wan  eMtal>- 
ied  in  00  i>er  cent  of  the  samples  as  shown  by  the  resultH  of  t«»HtH.  iih  follows: 

IBLB  134. — Remtlt  of  tests  (positive  and  negative)  for  IUwUIuh  vali  oomnnniin  in 
Ohio  River  neater  at  Cincinnati. 


Ute. 

BMnlt. 

Date. 

Re<ralt. 

Date. 

1898. 

1898. 

1       1898. 

lar.     24 

- 

May      3 

+ 

1  Jnnp      7 

25 

- 

3 

+ 

\) 

36 

— 

5 

+ 

10 

29 

4- 

6 

-f- 

!               1'^ 

31 

+ 

7 

- 

!             i"> 

pr.       1 

— 

8 

- 

10 

2 

— 

9 

-f 

!            i« 

3 

— 

10 

-+■ 

19 

4 

__ 

11 

■f- 

20 

5 

H- 

12 

f- 

24 

6 

-f 

13 

— 

25 

1 

— 

14 

-[- 

2S 

8 

+ 

16 

-1 

'                2^ 

9 

4- 

17 

-] 

:«) 

10 

_ 

18 

,  Jnly       1 

11 

- 

19 

r 

2 

12 

■~ 

20 

4 

13 

4- 

21 

- 

< 

14 

— 

22 

- 

8 

15 

+ 

23 

i 

0 

16 

+ 

24 

.:- 

10 

17 

_ 

25 

— 

13 

18 

+ 

26 

t 

14 

20 

+ 

27 

-f 

16 

21 

— 

28 

-f 

18 

22 

+ 

29 

— 

1                19 

23 

-T 

30 

- 

:       20 

25 

+ 

31 

-1 

1               22 

26 

— 

June      1 

- 

1               23 

27 

— 

o 

— 

!               2,5 

28 

— 

3 

-1- 

1               27 

29 

-f 

4 

— 

i               28 

30 

+ 

6 

-f 

'               29 

Riwilt. 


-f 


-I- 


Dativ 

1H9S. 
AiiK.       1 


S<^pt. 


R«»MUlt. 


3  I 
5  , 


9 
10 
12 
13 
15 
16 
IS 
19 
20 
22 
23 
24 
27 
30 
31 

o 

3 
5 
9 
10 
13 
14 
15 
16 
17 
18 
21 
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Table  1M,— Result  of  testn  (positive  and  negatit^e)  for  Bcunllus  coli  commm 
Ohio  River  trdter  at  Cincinnati — Contmned. 


Date. 

"  1 
Result.   ' 

Date. 

Result. 

Date. 

Result. 

Date.          R( 

1898. 

1898. 

1898. 

1898. 

^pt.      22 

+ 
+        1 

Oct.      15 

+ 

Nov.       7 

-t- 

Dec.       2 

28 

17 

- 

8 

+       1 

3 

26 

f 

19 

10 

—       1 

6 

27 

20 

... 

11 

— 

8 

29 

-1- 

22 

12 

— 

10 

Oct.         1 

-f- 

23 

16 

— 

13 

3 

— 

24 

+ 

17 

t- 

15  ' 

5 

-f 

27 

4- 

19 

-- 

^^1 

— 

28 

-1- 

20 

- 

20 

9 

4-      ' 

28 

-i- 

21 

- 

21  ' 

10 

-f 

30 

-f 

24 

- 

24 

11 

-f      ' 

Nov.       1 

-f 

26 

-I. 

27 

13 

+     ! 

2 

-i- 

28 

— 

29 

14 

1 

4 

-i- 

30 

— 

MIAMI  AND  LITTLE  MIAMI  RIVERS. 

The  important   tributaries  entering  the  Ohio  next  below  S< 
River  are  Miami  and  Little  Miami  rivers.     They  occupy  the 
elevated  portions  of  Ohio,  and  the  drainage  basin  of  the  larger 
extends  into  Indiana.     Taken  altogether,  the  area  drained  by  th( 
rivers  covers  G,l)50  square  miles,  of  which  5,601  lie  in  Ohio.   (See  fig 
The  pojjulation  in  the  basin  is  641,657,  or  about  92  per  square  : 
Thirty  cities  and  villages,  representing  a  population  of  242,762, 
water  supplies.     This  is  91  per  cent  of  the  urban  population  h 
river  basin  and  44  per  cent  of  the  entire  population.     Fifteen  ol 
cities  have  been  supplied  with  sewerage  systems,  all  of  which 
charge  into  the  neighl>oring  streams  without  previous  purificatic 

LITTLE  MIAMI  RIVER. 

The  drainage  basin  of  the  Little  Miami  River  occupies  a  s: 
wedge-shaped  portion  of  the  State  of  Ohio  lying  between  the  b; 
of  the  Scioto  and  Miami  rivers  and  fronting  at  the  broad  sout 
end  on  Ohio  river.  From  its  headwaters  to  it^s  confluence  witl 
Ohio  the  Little  Miami  traverses  94  miles  and  has  a  total  fall  ol 
feet,  or  7.4  feet  per  mile.  The  tributaries  of  the  Little  Miain 
Ctesars  Creek,  Todds  Fork,  and  the  East  Branch  of  the  1 
Miami,  the  latter,  draining  an  area  of  475  square  miles,  beinj 
moat  important. 
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Fig.  17.— Drainage 


l«»in8  <,f  Miami  and  Little  Miami  rlvem. 
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The  dmin^e  area  of  the  Little  Miami  is  almost  entirely  devet 
farmiug.     It   is  a  prcjsperous  c^ountry,  with   a  raral   poptdatioiil 
81,^)14  and  an  urban  population  af  only  3r>,645*     Sewage  {>o11ttt9 
from  cities  is,  therefore,  not  so  important  here  as  in  other  area?*  whid 
have  been  studied;  but  the  run-off  water  from  highly  fertilized  fields 
shows  on  analysis  a  lai^  proportion  of  organie  eonstituenta  whiciy 
if  interpret.ed  from  the  analysis  alone,  without  special  aequaintatiit^ 
with  the  origin  of  the  water,  would  iiorha|)s  indieat'e  a  high  deg 
of  Bowofir^'  pollution. 

At  the  hea^lwaters  of  the  river,  in  Clarke  County,  the  first  impo»j 
tant  settlement  is  Soutli  Charleston,  which  has  a  population  of  l,09(y 
There  are  three  short  sewers  in  the  village,  and  the  water  supply  if 
from  private  wells  15  to  20  feet  fleep,  Houth  Charleston  eau  ihew 
fore  be  considered  the  head  of  pollution  upon  Little  Miami  Riven! 
Above  this  place  the  waters  are  probably  free  from  speeifie  sewagi 
contamination.  Analyses  show;  however,  that  the  organic  matter  »^ 
extremely  high,  due  undoubtt'dly  to  the  run-off  from  manured  Mifc 
and  rank  dotray  of  vegetable  growths.  | 

n 

Tabl£  ISQ^—Anai^^M  uf  mtter  from  Little  Miamvi  River  abttvc  Soutti  Chart&ftm 


[PttrtH  per  mJUion.] 

1 

1 

o 

5 

XltrogettAA — 

1 

1 

Bknlm. 

i 

ft 

Ofctii- 

tectioD. 

11 

1^ 

S 

1 

! 

3 

im. 

hOm. 

M^ym 

4T 

m 

«« 

^.mi 

turn 

n.i-M^ 

Lai 

861 

Sffi.B 

OLO 

S,«B 

tn 

Juneiit 

IM 

4t» 

y 

.U£ 

.ws 

.000 

JA 

300 

S3P.4 

m.h 

8,aii       -« 

July  17 

m 

:» 

T 

.im 

.aaj 

,\m 

.nfl 

Lfi 

43H 

aio.g 

7  A 

3.800          .^ 

Aiu;,ar> 

lao 

ao 

« 

.5K1 

.IM 

MH 

.*...,. 

0.0 

MH 

m.» 

aa.g 

g.«00         19 

OeL  IK 

9& 

m 

▼ 

.m 

.080 

-013 

jm 

0.0 

m 

££3.3 

00.0 

^40D  1        ■• 

Wot,   7 

too 

» 

T 

.aoa 

AIM 

.018 

.ODD 

4.0 

m 

M6.i 

0O.O 

8,000  j       M 

« o,  earthy;  v,  vegetable. 

The  analyses  set  forth  in  the  above  table  indicate  a  water  of  com- 
paratively high  organic  content.  The  testimony  of  the  free  ammoni* 
and  nitrite  determinations  would  seem  to  indicate  a  fairly  high  degree 
of  sewage  pollution,  but  this  is  not  borne  out  by  the  remainder  of  tie 
analytical  statement.  The  water  can  not  be  regarded  in  anysensefls 
normal,  but  it  is  probably  free  from  dangerous  Impurities. 

Below  South  Charleston,  on  Little  Miami  River,  are  Clifton  and 
Yellow  Springs,  with  populations  of  262  and  1,371,  respectively,  pro* 
ducing  no  appreciable  contamination  of  the  surface  drainage. 

On  Massicks  Creek,  which  enters  the  Little  Miami  just  above  Xeni^ 
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resitUHted  Cedarville  and  Wilberforeo  C'ollegi'.  At  tlu^  furint^r  place 
Strawboard  works  contributes  the  usual  amount  of  (lol<*t<*nous  mat- 
s',-while  at  the  college  a  part  of  tho  plumbing  syst<'m  is  eonnectcd 
ifli  the  creelc 

The  water  which  comes  down  to  Xenia  in  tlu*  channel  of  Little 
Dami  River  has  received  the  ixillution  from  si'voral  unimi>ortant 
stUements,  bnt  most  damaging  rofuM*  comos  from  tho  stmwbiNird 
xyrks  at  Cedarville.  Analyses  of  the  wat<*r  (s<m'  Tahh*  VM)  indicate 
liat,  from  a  chemical  standpoint,  it  is  of  as  giMxl  <|uality  as  that  found 
k  the  headwaters,  above  artificial  iN)lliition.  The  Imctcriologic 
nmination,  however,  is  indicative  of  an  orpinic*  conU^it  more  highly 
mtref active  than  that  which  was  present  in  the  wafer  above  South 
Siarleston. 

Tabub  186. — Analyses  of  ivf iter  from  LUtlr  Miami  afnuH'  Xenia, 
[P&rtH  per  million.] 


Itetoof 


Apr.tt 
]far» 

«4rif 


Oel.  IS 
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no 

4S 


V 

T 


NitroKPt)  m**— 


.R14 
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Am 


0S4 

AM 

JiSii 

.nr« 
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I 


I 
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.«7 
.(« 
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.IW 
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.0 
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1.0 


4Si 

:(74 

:w» 
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.>« 

:«8  ■ 
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C 

I      11 


2:«).2 

SH7.2 


II 


p 


Inches. 

IH.4 

44,(ilKI 

0.90 

27.8 

I2l),0(ir) 

1.35 

(l).O 

4,8111) 

,m 

iir».o 

1,7^)0 

.38 

±2.2 

17,  (W) 

2.02 

(l).O 

3,300 

.18 

11).  0 

18I),0IM) 

.OR 

(N».0 

80,  UK) 

.23 

n  V,  vojrotable;  M,  musty. 


Below  Xenia  the  water  of  tlio  Little  Miami  docvs  not  seem  to  lx»  infe- 
rior to  that  above.  Although  the  city  has  a  population  of  s,  (ilKJ,  no  sew- 
ers have  been  established,  and  the  (;c)ntamination  of  the  river  is  not 
80  great  as  might  be  exi)ected  from  a  municipality  of  tliis  size.  Xenia 
is  not  situated  directly  upon  Little  Miami  River,  but  some  distance 
np  a  small  stream  called  Shawnee  Run.  Tlie  greatest  source  of  i)ol- 
Intion  aboat  Xenia  is  the  Ohio  Soldiers  and  Sailors'  Orphans'  Home, 
ntaated  on  Shawnee  Run,  southeast  of  X(»nia.  This  home  has  an 
•verage  population  of  1 ,01 0,  and  has  its  own  wat-er  supply  and  sew(»rago 
system  connected  with  the  stream. 
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Tablb  137. — Analjfaea  of  water  from  Little  Miami  River  below  Xenia, 

[Pu-to  per  million.] 
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« V,  vegetable;  M,  musty. 

Proceeding  down  the  river  from  Xenia,  the  most  important  po 
of  pollution  discovered  are  Waynesville,  having  a  population  of 
Wilmington,  on  Todds  Fork,  inhabited  by  3,613  i)eople;  Blanches 
on  the  same  tributary,  with  1,788  inhabitants;  Lebanon,  on  Td 
Creek,  with  2,867,  below  which  is  Loveland.  At  this  point  a  serie 
examinations  has  been  made  by  the  State  Board  of  Health  of  Ohio, 
results  of  which  are  reproduced  in  Table  138. 

Table  138. — Amtlyses  of  water  from  Little  Miami  River  above  Lovelmid 

[Part«  per  million.] 
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n  V,  vegetable;  e,  earthy;  m,  moldy. 

The  analyses  above  set  forth,  when  compared  with  those  in  ta 
135,  136,  and  137,  indicate  a  considerable  improvement* in  the  gen 
character  of  the  water.  Free  ammonia  and  nitrites,  which  are  in 
afcive  of  sewage  pollution,  are  present  in  the  Loveland  water  in  snifi 

proportion  than  in  water  taken  \i\g\ieT  \v^  Vn  \\i^  (Vc^Joaa^^  area. 

chlorine  content,  however,  mamtama\Ai^«»a.vck^'^^^^'^'e«^^«^ 
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idence  of  tlie  contamiimtiiig  influencoH  <»f  the  iiiiiiiiri^mlilios 
mentioiie<l. 

EAST  FORK  OF  UTTLK  MIAMI. 

)w  Lovelancl  enters  the  East  Branch  of  Little  Miami  Rivei\  the 
pal  centers  of  x>opulation  on  which  are  Lyn(*hl)iir^  and  Hatavia. 
e  former  place  a  surpriHingly  large  amount  of  n»fum»  is  dis- 
ed  into  the  stream  from  a  distiller}*  and  fmm  iniiii<*roiis  drains 
I  lead  out  of  the  town.  At  Batavia  a  puhlir  water  supply  has 
established  and  a  number  of  storm  s^^wei-s  roiulurt  surface* 
ftge  into  the  stream.  Tables  130  and  14o  are  ropnrts  of  analyses 
by  the  Ohio  State  Board  of  Health,  which  fairly  indicate  the 
cter  of  the  water  abcjve  and  below  Batavia. 


:  139. — Analyses  of  water  from  the  Eattt  Fork  of  Litfh    Miami  Jiinrnlmrf 

Batavia, 

[Parte  per  miUion.  ] 
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SR  140. — Analyses  of  water  from  East  Fork  of  Little 

Batavia. 
[Parts  per  million.] 
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KOBMAL    AWD   POLLUTED   WATEB8, 


1^1 


Fnitn  tho  c^jtifliience  4>f  tlie  Ea»t  Branch  the  Little  Miami  flo«| 
southward  iiiicl  empiieH  into  the  Ohio  just  al)ove  the  city  of  Cmciii- 
nati.  From  the  mouth  ot  the  Ea«t  Bmueh  to  the  confloence  of  tha 
river  with  the  Ohio  the  poUution  is  insifcnlflcant.  Analyses  of  tlii 
water  iK'hiw  Lmwood,  a  suburb  of  Cincinnati,  make  it  appear  pref«i 
able  to  any  reported  from  the  drainage  area  above.  '^ 

Tahlk  141, -^AnalffSfS  of  water  from  Little  Miami  Riwr,  bdov!  Linwood. 

[PftTtii  p«r  milUoti.] 


DKtefrf 
collec- 
tion. 


ism. 

Apr.  »4 

Jtme'Sfi 
July  1» 

Aug.  ^ 
Sept.  18 
Oct.  13 
Not.   » 


i.ann  I  ss 

ISO     2i^ 


Kltroff&ai 


If 
it 


o.iia 

.900 
.SOS 


0.(H£ 


,118 
AM 


.081 


I 


a  010 
.aio 

.006 
.4I» 


I 

I 


.IM 
.Oft 
.10 

.on 

,00 
.CH 


S.8     am 


i.a 
*.o 
a  4 

ai 

4.1 


IMii 


aoi 


BArditeefl. 


iin.« 
iofl.e 

im.s 

S3».S 


m4 
»L4 
8.0 

a&s 

,0 
.0 
.0 

8.0 


J^ 


«T,  veipetablp^  e,  earthy. 


^BtOTDM  ofie  week  ivrerlcnu. 


The  drainage  basin  of  Little  Miami  River  is  without  special  inter- 
est from  the  stand^>oint  of  water  iMjUution.  Am  has  already  been 
obnerved  the  urban  population  is  comparatively  Buiall  and  the  m^f^ 
it  eontributes  to  the  river  does  not  seem  to  have  very  marked  effectej 
on  the  water.  The  analyses  show  a  high  content  of  organic  mat*' 
tar  from  the  headwaters  down,  and  while  the  water  may  not  hafi 
been  much  damaged  it  m  certainly  not  ho  desirable  for  public  use* 
some  of  the  purer  waters  found  in  other  parts  of  the  State,  It  can 
hardly  be  saitl,  however,  that  Little  Miami  River  has  suffered  greaHf 
from  city  or  mamifaeturing  refuse,  and  it  is  more  than  likely  that  it; 
all  sewage  were  removed  from  the  stream  and  its  tributaries  tl* 
natural  drainage  of  an  area  so  highly  fertilized  would  so  change  the 
character  of  the  run-off  water  that  it  would  be  hardly  acceptable  for 
city  water-supply  purposes  without  filtration.  The  other  resource 
vested  in  the  natural  waters  of  this  area  do  not  appear  to  be  damaged 
appreciably. 

MIAMI  RIVER. 

Entering  Ohio  below  Cincinnati,  the  Miami  River  drains  a  basin 

to  the  north  thickly  dotted  over  with  towns  and  cities.     The  m»in 

stream  is  formed  at  Dayton  by  the  confluence  of  the  Upper  Miaini> 

Stillwater,  and  Mad  rivers,  which  have  drainage  areas  of  1,158,  645, 

And  653  square  miles,  respectiveVy.    Yxom  B^b^toti  to  the  mouth  the 

river  Sows  in  a  somewhat  winding  coxiweXft  ^i^ift  ««Ki>3iQ;:«^aV   ^^iss^^^ 
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waters  in  Jjewistown  reservoir,  in  the  extreme  northern  jmrt  of 
irainage  area,  to  its  mouth  the  Miami  han  a  len^h  of  UMi  niilen. 


NORMAL  WATER  IN  THE  MIAMI   BASIN. 

a  drainage  area  l|ke  that  of  the  Miami  it  is  (lif[i<*iilt  to  secure 
pies  of  normal  water.  The  run-off  from  land  ^iven  over  to  agri- 
ure  is  seldom,  if  ever,  of  a  quality  which  approaches  the  normal 
r  closely.  There  appear,  however,  in  the  report  of  the  Ohio  State 
rd  of  Health  for  1901  three  series  of  analyses  of  water  taken  from 
ams  which,  so  far  as  is  known,  bear  no  direct  sewage  iK)llution. 
se  streams  are  Mad  River  above  Urbana,  lUick  Creek,  a  tributary 
fad  River,  above  Springfield,  and  CTrei^nvilU*  Creek  al)ove  (rreeu- 
i  City.  The  population  upon  the  drainage^  area  of  these  sti-eams 
ve  the  points  named  is  of  the  usual  agrieultui*al  nature,  and  the 
ution  of  the  run-off  water  is  jjrobably  coniine<l  to  the  drainage  of 
lured  fields. 

he  analyses  made  by  the  Ohio  State  Hoard  of  Health  aie  s<4  forth 
>w  in  Table  142. 

Tabus  142. — Analyses  of  nearly  nomud  xcatern  in  thr  Miami  River  Bftaiu. 
BUCK  CREEK  ABOVE  SPRINGFIELD. 
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Tablk  142 


Normal  and  poLtUTED  watera. 


^fto.n. 


Anttlgtifn  iif  nearly  Hftrmal  trttterti  in  the  Miami  River  Bamn — Ooat^dtN 
(tEEENVlLLE  CmEBS  ABOVE  GBEEKVIU^, 
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n  V,  vegetable;  e,  earthy. 

In8i)ection  of  the  above  tAl)le  readily  shows  that  the  water  in  Buck ' 
Creek  al)ove  Springfield  is  decidedly  the  best.  Throughout  the  whole 
table  the  content  of  organic  matter  indicated  is  comparatively  low  and 
maintains  a  fair  degree  of  uniformity.  In  the  Buck  Creek  analyses Uie 
free  ammonia,  nitrites,  and  chlorine  are  much  lower  tlian  in  any  analy- 
ses heretofore  presented  for  this  area.  There  is  the  same  steadiness  in 
the  total  residue  column  that  was  evidenced  in  the  Little  Miami  exam- 
inations. Turbidity  and  bacteria  per  cubic  centimeter  are  compara- 
tively uniform  in  spite  of  the  fact  that  there  were  wide  fluctuations  in 
the  precipitation  during  the  ten  days  previous  to  each  examination. 

Turning  now  to  the  three  affluents  of  the  Miami,  let  us  considerthe 
conditions  existing  within  the  drainage  areas  of  each. 

MAD  RIVER. 

Mad  River  has  its  origin  in  Logan  County  and  flows  with  a  general 
southwesterly  trend  to  Dayton.  The  city  of  Urbana,  with  6,808  inhab- 
itants, lies  at  the  head  of  sewage  pollution.  A  water  supply  has  been 
established  in  Urbana,  but  the  sewerage  system  is  confined  to  a  few 
l)rivate  lines  of  pipe.  The  principal  souree  of  pollution,  however,  is 
the  highly  contaminated  run-off  occasioned  by  the  storage  of  pollut- 
ing material  in  vaults  and  cesspools,  rarely  cleaned,  but  allowed  to 
filter  into  the  ground.  The  most  important  point  of  pollution  is  the 
city  of  Springfield,  which  has  a  population  of  38,253. 

Water  and  sewerage  sj^stems  have  been  established,  but  the  latter  is 
said  to  be  very  poor,  and  only  about  20  per  cent  of  the  population  has 
access  to  it.  The  most  flagrant  source  of  pollution  from  Springfield 
is  the  method  of  disposing  of  garbage,  night  soil,  and  dead  animals. 
These  are  dumped  promiscuously  into  the  river  or  buried  on  or  near  the 
banks.  There  is  also  considerable  poWwWou  Ixom  Nt^Tvoua  industries. 
There  are  available  the  results  ot  avia\^^«»  ol  '^wvs^  ol  ^»s&3^ 
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I  Mad  River  above  and  below  Urlwina,  al)ove  and  ])elow 
,  and  above  Dayton;  also  from  Buck  Creek,  al)ove  Spring- 
reports  of  the  first  and  last  named  have  already  been 
ible  142. 

lowing  table  the  average  resultn  of  monthly  determinations 
'e-named  places  are  set  forth : 

Table  148. — Analysea  of  leater  from  Mad  RuH*r. 
[ATerages  for  fftght  monthly  examinationH,  in  partn  \w^r  tnillinn.] 
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n  of  the  above  analyses  shows  the  usual  unTuistaka])le  evi- 
ontamination  o€  the  river  from  th<»  two  principal  jxAluting 
the  improvement  of  the  water  as  it  flows  from  oik*  of  these 
e  other.  The  character  of  the  water  ahov(^  I>bana  on  Mad 
,bove  Springfield  on  Buck  Creek  has  already  l)oeT)  discussed. 
)T  passes  by  Urbana  there  is  a  notable  increase  in  the  content 
matter  as  well  as  in  turbidity  and  in  the  number  of  bacteria 
jentimeter.     From  Urbana  to  Springfield  the  water  shows 

improvement,  but  is  again  changed  in  passing  the  city  of 
,  while  the  analyses  made  of  samples  t^iken  above  Dayton 
the  water  has  so  far  improved  as  to  be,  from  a  chemical 

at  least,  almost  as  good  as  it  aj)pears  abovi^  Urbana.  The 
mples  show  the  character  of  the  water  contributed  to  the 
em  by  Mad  River. 

UPPER  MIAMI   RIVER. 

iami  River  has  its  origin  in  Lewistowu  reservoir  and  flows 
somewhat  circuitous  route  to  join  the  Stillwater  and  Mad 
lyton.    The  head  of  pollution  upon  the  Upper  Miami  is  Belle- 
village  of  (>,G41)  inhabitants,  supplied  with  water  and  a 
m  of  storm  sewers.     Tin*  principal  pollution  from  this  point 
the  drainage  of  a  fi^w  plumbing  systems  into  the  storm 
refuse  from  slaughterhouses,  and  the  pollution  of  run-off 
igh  putrescible  material  stored  in  tlie  ground.     A  few  insti- 
5h  asthe  Logan  County  Infirmary,  Logan  County  Childrens' 
the  Shelby  County  Childrens'  Home  and  Infirmary,  con- 
re  direct  sewage  pollution  to  the  river  than  any  of  the  small 
lated  along  the  stream.     The  village  ot  S>\^w«^  ^Vwysv^  ^ 
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popubitlcm  of  5,fid8,  has  a  water  supply  ami  han  junft  inircMiut.^ 
system  of  sewers.     These,  Ujgetherwith  a  brewery  and  a  tannery 
variou^i  other  incidental  contaminating  points,  produce  oonsidei 
damage  to  the  riven 

Next  below  Sidney  is  Piqua,  having  a  population  of  12^172 
public  water  HUpply  at  this  point  is  not  nmd  for  domestic  pu 
A  separate  sj^stem  of  sewen*,  to  which  about  30  per  cent  of  the  peo] 
have  access^  has  t>6en  established.     These  sewers  empty  directly  inl 
the  Miami  River,     In  the  town  are  located  strawboard  works,  oil  mi 
breweries,  and  several  large  slaughterhouses,  and  the  effluent  f] 
thesti  and  the  sewers  is  the  occasion  of  serious  nuisances  at  times. 

Jielow  Piqua  la  Troy,  containing  5,r>81  InhabitatLts,  and  still  fjirtl 
down  is  Tippecanoe  City,  with  1,703.  Both  places  have  public  wal 
supplies  and  a  few  short,  combined  sewers,  to  wOiich  a  small  pro] 
tion  of  the  people  have  access.  GaHiage  and  night  soil  are  dum 
aloug  the  river  and  into  the  Miami  and  KrieCaual,  which  flows  aloni 
the  river  bank.  In  mid i tion  to  tlje  pdhition  fn.>ni  sewers,  the  rin 
receiver  the  refuse  from  three  distilleries,  two  breweries,  and  seveit 
largo  slaughterhouses. 

Chemical  examinations  of  the  wHt<?r  of  the  Upi>er  Miami  have  be€i 

made  alxwe  and  below  the  cities  of  Sidney,  Piqua,  and  Troy,  aii< 

above  Dayton^  and  the  averages  of  the  eight  mtmihly  analyses  o 

samples  taken  at  each  point  appear  in  the  following  table: 

Table  M^.^AnalyseM  of  ttrnterfrofu  Upper  Miami. 

[AYMmgfltt  of  tAfsht  montblr  PXAmltmUomi.  In  pATts  per  mfllloti.1 


Place  cjf  coltuction. 


AtwVTi  Bldnfly 
Belaw  Biilne^. 
Above  PSqun . . 
Below  Piqua . . 
Above  Tmjr  .- 
Below  Ti'oy . .  - 
AboTD  DsTtoa 


flO 
£90 

100 


Nlti'Qgen  I 


1^ 


Am 

Mi} 
.Of? 

Mm 
Am 


.ir74 

.4ffl> 

Arn 

,374 

,rw* 

.S44 

.iin 

,3T« 

Alt 

.m 

Am 

.57 


e.7 

La 
L6 


4m 

n%s 

aas 

m 

2S3.a 

&.9 

m 

sr.«.» 

Sl.O 

^» 

a».» 

m.o 

m- 

ai4.7 

a7,i 

mi 

m.9 

a^Li 

m 

£10.11 

S4.« 

4*1 
M 

The  effect  of  sewage  on  the  Miami  River  above  Da3rton,  as  iiullrated] 
by  the  above  analyses,  is  so  obvious  as  hardly  to  merit  discussiott. 
The  same  general  features,  repeatedly  observed  in  the  discussif»n  ot 
drainage  areas  in  previous  pages,  occur  here.  As  the  Miami  entets. 
the  city  of  Dayton,  the  water,  from  a  chemical  standpoint,  is  oaly  • ! 
little  inferior  to  that  in  the  same  stream  above  Sidney. 

STILLWATER  RIVER. 

6'^i7/ water. River,  entering  the  "MiamV  »X>T>»i^\iOTL^  drains  the  countiy  i 
to  the  northwest,  comprising  large  axeaam  T)aTV^«a^'»MMsi^*;^:«at 
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108.  The  principal  source  of  pollution  iilonji:  tlu»  entire  length  of 
tUlwater  River  is  the  city  of  Greenville,  whi(*h  han  a  population  of 
iMl.  At  thiH  place  water  and  sewerage  Hyst^ms  have  l>een  installed, 
lie  latter  being  one  of  the  best  in  the  <lrainage  an.'a.  In  *iddition  to 
be  coutaminating  matter  carried  into  the  former  from  the  Hc^weix, 
here  is  the  polluted  surface  drainage  from  that  part  of  the  town 
rkich  has  not  yet  been  connected  with  the  sewerage  syHt<Mu. 

In  the  drainage  area  of  the  Stillwater  then^  are  several  institutions 
^ftich  furnish  the  usual  amount  of  contamination.  The  viUages  of 
^craailles  and  Covington,  containing  1,478  and  1,71)1  inhabitants, 
Bepectively,  are  the  only  remaining  i)oints  within  the  watershiMl  that 
nim|x>rtant  from  the  standpoint  of  stn^am  pollution. 

Three  sampling  points  were  selected  l)y  th(»  Ohio  Stat<»  Hoard  of 
leelth  as  a  basis  for  their  investigation  into  the  character  of  the 
raler  in  Stillwater  River.  These  are  loeat«»cl  abov«MUid  1h»1ow  (Treen- 
iDe,  on  Greenville  Creek,  an<l  above  l)ayt4)n. 

Tabuc  145. — AnalytwH  of  irutrr  from  ^St  ill  irate  r  limT. 
[AveniffM  of  eight  monUily  vxarainatiuiiH,  in  iMrtx  ]N)r  iiiillitm.] 


Plaoe  of  ooUection. 


Uxure  Qreenvme 
Mnr  OreenvUle. 
k.V)iTe  Dayton  — 


I  2-5 


•i     1^ 

6m* 


Nitrr>K*'n  an-- 

II.'   ■ 


m  0.211  surti  i<).oi7 

27  '  .274  i  Am  '  .<tt» 
SB  I  .251  I  .(HI  I  Am 


S    ! 

1.17' 
SJ.Ctt 


t 

nara 

nPMM. 

P 

0/' 

a 

1 
1 

^           €8  » 

I'i 

o 

Eh 

<     '  "ir,^ 

0.8 

^y 

248.8 

27.  :j 

2.6 

475 

261.7 

86.4 

.« 

:m) 

218.9 

8.:j 

'Eg 


4,g(jo 
i:),»M) 

4o,50U 


Examination  of  the  results  above  set  forth  shows  nothing  of  an 
nncommon  nature.     Above  Greenville,  as  lias  been  already  shown  in 
the  consideration  of  normal  watin's  in  the  Miaiiii  drainage  area,  there 
h  little  evidence  of  specific  S(»wage  containinalion.     Helow  (Treonville 
Uiere  is,  as  might  be  expected,  an  iiicreasi*  of  those  ingredients  whose 
presence  is  generally  accepted  as  an  iiuUeatioii  of  pollution,  but  the 
Amount  of  this  increase  is  not  so  gn^at  as  might  be  expected  wh<»n  aill 
the  circumstances  are  considered.     The  analyses  of  samples  taken 
above  Dayton  indicate  the  usual  improv<'ment  in  a  water  after  it  has 
■owed  beyond  the  point  of  contamination  for  a  considerable  distance. 
The  city  of  Dayton  has  a  population  of  sr),:]:J3,  the  largest  on  the 
drainage  area  of  the  Miami.     It<  is  provi<lc<l  with  a  water  supply  and 
ft  sewerage  system,  to  which  30  per  c<»nt  of  the  people  have  access. 
Garbage  is  burned  in  a  (crematory  and  night  soil  is  disposed  of  upon 
the  farms  outside  the  city,  so  that  the  pollution  of  the  river  is  con- 
fined to  the  affluents  from  the  seweragi"!  system  and  the  refuse  t  unied 
into  the  stream  by  industrial  plants,   which  consist  of  breweries, 
daughter  and  packing  houses,  oil  mills,  soap  v^otk^^  «Aid  \^«.^y  «i\i<1 
Atertaord  manufactoriea. 
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MIAMI  RIVER  BELOW  DATTON. 


[WO. 


Below  the  city  of  Dayton,  on  the  Miami,  are  located  the  NatioBi 
Soldiers*  Home  and  the  Dayton  State  hospital.  The  combined  popi 
lation  of  these  two  institutions  is  5,810.  Both  are  provided  with 
tary  sewers  and  improved  systems  of  plumbing,  which  discluai 
directly  into  the  river.  This  is  the  largest  center  of  pollution  in  tk 
whole  drainage  area,  greater,  in  fact,  than  the  cit^^  of  Dayton  itsd 
Continuing  down  the  river  from  the  two  institutions  above  mentionei 
the  next  important  i)oint  is  Miamisburg,  which  has  a  population 
3,941.  Industrial  i)ollution  seems  to  be  the  most  important  at  tl 
village,  which  has  no  water  or  sewerage  system. 

The  village  of  Framklin,  a  few  miles  below  Miamisburg,  is  inhal 
ited  by  2,724  (persons  and  is  supplie<l  with  water  and  a  small  systei 
of  sewerage.  In  a<iditioii  to  the  ccmtAinination  afforded  by  the  lattei 
a  large  proportion  of  the  garbage  of  the  town  is  dumped  into  the  riv« 
and  some  of  the  industrial  plants,  such  as  paper  mills  and  slaughta 
houses,  pour  their  refuse  into  the  stream. 

Middletown  is  situated  a  few  miles  below  Franklin,  on  the  east 
of  Miami  River.     It  has  an  excellent  water  supply  and  sewerage 
tem,  through  which  tlie  sewage  of  about  2,000  persons  is 
directly  into  the  river.     The  waste  from  a  large  number  of  mann 
turing  establishments  also  finds  its  way  there.     Among  these  are 
works,  breweries,  malt  houses,  etc. 

A  few  miles  below  Middletown  is  the  city  of  Hamilton,  through  tM 
center  of  which  Miami  River  passes.  Hamilton  has  a  population  ()( 
23,914,  a  good  water  supply,  and  an  extensive  system  of  sanitary  an^ 
storm  sewers.  In  addition  to  the  polluting  material  poured  into  till 
river  by  these  sewers,  it  receives  the  refuse  from  a  large  and  variei 
assortment  of  industries. 

Below  Hamilton  there  is  little  of  interest  until  the  mouth  of  thi 
river  is  reached. 

Sampling  points  selected  by  the  Ohio  State  Board  of  Health  art 
below  Dayton,  above  and  below  Middletown,  above  and  below  Ham- 
ilton, and  below  Cleves. 

Table  146. — Analyses  of  neater  from  Miami  River. 
[Parts  per  million.] 


FblifC^  ni  i^lleetion. 


I 

hi 


Below  Dftyton »1 

Abot-oMlddU^town,. „.....,  2in 

Below  Middletown ,J  2^: 

Abovy  Hamilton 1,«91 

Below  Hamilton -. l.'-ttl 

JMowC^erm J  *,aa> 


Nltrqg(<n  mb— 


11 


\-.\. 


H 


fii  o.watq.m  \i.im 


Ml 


\-' 


015 
€»£ 
OIX 

01» 


.61 


4.1 

as 

3.1 

47 


m 


m\ 


fifii 


188,7 
1».4 


^^ 


U.9 
t5.4 


UA 


33,0 
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The  character  of  the  water  contribut-e<l  to  the  Oliio  system  hy  the 
Miami  is  not  all  that  coald  l)e  desired,  nor  iiide<Ml  as  |?ood  as  might 
easily  be  furnished.  In  the  courae  of  the  rivor  f nmi  Daiyton  to  its 
month  the  changes  in  the  organic  constituents  of  the  water  are  not 
exceedingly  sharp.  The  undesirable  (condition  of  the  run-off  at 
Dayton  is  maintained  steadily  throughout  the  remainder  of  the  course. 
The  sewage  of  Dayton  and  the  two  institutions  just  Iwlow  it  is  appar- 
ent in  the  report  of  the  analyses  of  samples  taken  al)ove  Middlet-own. 
The  additional  polluting  material  poured  in  from  iMi<ldletown  is  per- 
fectly evident,  and  by  the  time  the  water  reaches  Hamilton  only  a  very 
small  improvement  can  be  noted.  The  water  contributed  to  the  sys- 
tem by  the  three  main  affluents  al>ove  Dayton  seems  to  be  far  suiK^rior 
to  that  which  flows  by  Cleves  into  Ohio  River. 

OHIO  RIVER  AT  LOUISVILLE. 

During  the  years  1805,  IHJXJ,  and  1897  extensive  investigations  were 
carried  on  by  the  I^uisville  Water  Company  to  determine  the  char- 
acter of  the  water  in  Ohio  River  opposite  that  city.  Mr.  (Teorge  W. 
Fnller  was  placed  in  charge  of  this  work^  and  in  the  year  1898  sub- 
mitted an  exhaustive  report  on  the  purification  of  the  water  of  Ohio 
River.  Daily  examinations  of  the  water  of  Ohio  River  were  made 
from  October  16,  1895,  to  July  24,  1897,  the  reports  of  which  will 
not  be  given  here  in  full,  but  attention  will  be  direcUnl  to  several 
important  determinations. 

Relative  to  the  drainage  area  and  general  hydrographic  conditions 
Mr.  Fuller  writes  as  follows: 

The  water  of  the  Ohio  River  at  Louisville  varies  widely  from  time  to  time  in 
its  composition.  This  variation  is  caused  hy  a  number  of  factors,  among  which 
are  the  following: 

1.  The  size  and  varying  geological  formation  of  the  watershed. 

2.  The  number  of  comparatively  large  tributaries  which  drain  areas  of  dis- 
tincUy  unlike  geological  character. 

8.  The  amount  of  precipitation  (rain  and  snow).  ^ 

4.  The  distrihution  of  the  precipitation  over  the  watershed. 

5.  The  condition  of  the  soil  at  the  l)eginning  of  heavy  rain  storms. 

6.  The  amount  and  rate  of  precipitation  during  single  storms. 

7.  The  stage  of  the  river. 

8.  The  velocity  of  flow  of  the  river. 

9.  Agitation  of  the  water  in  the  river  due  to  wind  storms,  etc. 

The  total  xiopulation  resident  on  this  waterslied  al)ove  Louisville  is  estimated  at 
4.500,000,  of  which  1,575,000  is  contained  in  220  towns  and  cities,  ac<!ording  to 
the  census  of  1890,  incrc^ased  1.")  per  c^ent  for  the  six  years  of  the  present  decade. 
The  nearest  city  discharging  sewage  into  the  water  which  i)as8e8  this  ptmiping 
station  is  Madison,  Ind.,  situated  about  50  miles  above  Louisville,  with  a  popula- 
tion of  about  12.000.  The  next  city  is  Frankfort,  Ky.,  situated  on  the  Kentucky 
Biver,  67  miles  from  its  mouth.  This  city  has  a  population  of  about  1 0,000.  The 
Kentucky  Biver  joins  the  Ohio  alK>ut  57  miles  al)ove  Louisville.  The  nearest 
)  center  of  population  discharging  sewage  into  this  water  supply  is  at  Cin- 
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ciimati,  Ohio.  Opposite  thin  city  are  the  cities  of  Newport  and  Covington.  Ky. 
Their  aggregate  population  (three  cities)  is  about  430,000,  and  they  are  distant 
above  Louisville  about  150  miles  by  river. 

The  rises  and  floods  in  the  Ohio  River,  with  their  associated  factors,  produce 
wide  and  rapidly  changing  variations  in  the  comix)sition  of  the  river  water. 
Owing  to  the  fact  that  the  composition  of  the  river  water  is  a  prominent  factor  in 
the  cost  of  purification,  analyses  were  made  practically  every  day  during  these 
tests  of  the  water  before  its  application  to  the  systems  of  purification.  Before 
giving  attention  to  the  results  of  analyses,  however,  the  question  of  frequency 
and  depth  of  freshets  or  floods  is  to  be  considered.  <> 

Tablr  147. — Amount  of  carbonic  acid  gas  (carbon  dioxide)  diitsolved  in  the  Ohio 
River  water  at  Lonvtville, 

[Parte  per  million.] 


Date. 

Carbonic 
acid  gas. 

Date. 

Carbonic 
acid  gaa. 

Date. 
1897. 

Carbonic 
acid  gas. 



Date. 
1897. 

Carbonic 
acidgaa. 

189C 

L 

1897. 

June 

18 

ft  80. 8 

Mar.    24 

44.9 

May       7 

57.4 

June    18 

82.7 

22 

ft26.4 

25 

41.9 

8 

110.6 

19 

106.3 

24 

ft  27. 7 

j                26. 

36. 5 

i                 0 

66.7 

20 

100.8 

27 

ft29.7 

27 

47.0 

10 

72.1 

21 

100.3 

July 

3 

ft  30. 6 

29 

56.6 

13 

65.2 

22 

100.8 

8 

ft21.1 

30 

80.0 

14 

76.6 

23 

107.4 

Nov. 

28 

83.0 

Apr.       1 

58.6 

15 

50.8 

24 

100.3 

Dec. 

10 

98.0 

2 

59.0 

18 

67.8 

25 

105.6 

1897 

. 

3 

53.5 

19 

71.8 

26 

118.7 

Feb. 

16 

80.4 

7 

79.6 

21 

88.7 

27 

120.0 

Mar. 

2 

63.4 

8 

46.0 

22 

95.9 

28 

92.1 

8 

59.0 

9 

91.0 

28 

94.8 

80 

105.9 

4 

67.8 

10 

80.0 

26 

80.2 

July       1 

93.9 

5 

49.3 

12 

65.0 

27 

80.0 

2 

75.3 

6 

47.6 

13 

44.0 

28 

107.3 

8 

73.1 

7 

51.4 

14 

75.7 

29 

101.6 

6 

100.4 

11 

99.5 

15 

88.3 

June      1 

66.6 

7 

106.1 

12 

88.0 

16 

50.2 

2 

90.5 

8 

99.9 

13 

122.4 

21 

41.2 

4 

82.7 

12 

71.8 

15 

45.8 

22 

42.7 

!                 7 

89.0 

15 

47.0 

16 

33.4 

23 

43.0 

10 

133.0 

16 

28.8 

19 

38.8 

25 

55.0 

15 

107.6 

17 

49.4 

20 

42.6 

27 

94.9 

98.8 

22 

46.4 

29 

85.9 

16 

103.8 

23 

40.4 

May       4 

86.8 

17 

107.6 

o  Report  on  the  invefltigations  into  the  purification  of  the  Ohio  River  water  at  Louisville,  Ky., 
made  to  the  president  and  directors  of  the  Louisville  Water  Company  by  George  W.  Fuller, 
1803. 

bThe  results  of  June  and  July,  1898,  were  obtained  by  the  Pettenkoffer  method,  without  the 
TrilUcb  modiAcaUon^  and  are  probably  much  too  low 
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e  normal  hardness  or  amount  of  iucruHting  constituentH  in  the 
River  water  is  set  forth  in  the  following  table: 

Tabue  148. — Normal  hardness  of  trater  of  Ohio  River  at  Louist^illc. 

[PurtB  per  million.] 


fcte. 

"Sarmml 
hardneas. 

Date. 

Normal 
hardnets. 

d5. 

1897. 

9-11 

43.9 

Mar.    16 

14.0 

96. 

16 

20.5 

6 

43.0 

17 

24.6 

14 

33.8 

18 

36.7 

22 

40.1 

19 

16.7 

29 

41.1 

20 

22.0 

11   ' 

44.0 

22 

12.0 

18 

30.0 

28 

9.6 

30 

35.0 

24 

10.8 

J97. 

25 

10.0 

17 

18.7 

26 

13.9 

22 

24.7 

29 

12.8 

28 

17.2 

30 

33.3 

24 

21.2 

Apr.       1 

29.1 

25 

16.1 

2-3 

18.2 

26 

8.0 

3-4 

11.0 

1 

15.8 

5 

29.9 

2 

10.0 

0 

23.4 

3 

8.0 

6-7 

30.0 

4 

12.0 

8 

19.8 

5 

25.8 

9 

14.2 

6 

34.6 

9-10 

13.3 

7 

16.0 

11 

9.0 

9 

23.4 

12 

12.7 

10 

17.9 

13-14 

16.0 

11 

30.0 

14-15 

20.0 

12 

38.0 

15-16 

18.1 

Date. 


1897. 
Apr.20-21 

21-22 
22 

23-23 

23-24 
27 
28 
29 

29-30 

May       1 

4 

5 

6-7 

8-9 

13 

14 

15 

17-19 

19-20 

21 

21-23 

23-24 

25 

25-26 

27 

27-28 


Normal 
hardnesH. 


15.5 
17.5 
12.0 
14.6 
14.3 
12.7 
17.0 
32.0 
21.7 


20.0 
23.0 
17.0 
15.5 
15.8 
16.1 
23.2 
11.3 
9.0 
10.8 
11.9 
15.9 
10.2 
20. 2 
14.5 
16.7 
19.3 


Dati'. 

.1897. 

May28-29 

31 

June      1 

2-3 

4-5 

7-8 

9-10 

11-12 

21 

22 

23 

24 

25 

27 

28 

29-80 

July      2 


9-10 
12-13 
14-15 
16 
17-18 
19-20 
21-22 
23-24 


'  Normal 
hnnlnetM. 


16.8 


17.0 
17.6 
23.5 
22.5 
23.8 
28.8 
28.8 
31.0 
27.8 
21.9 
19.0 
17.5 
25.5 
20.0 
20.0 
20.9 
27.0 
11.0 
12.0 
14.8 
14.0 
12.3 
24.2 
24.2 
43.8 


n  interesting  investigation  into  the  ainouiit  and  corrosive  effect 
lissolved  carbon  dioxide  in  tlie  river  watei*  bronght  out  the  fact 
b  such  determinations  are  of  more  importance  than  had  been  pre- 
isly  supi)Osed.  The  observation  is  made  in  Mr.  Fuller's  report 
t  at  times  the  weight  of  the  dissolved  carbon  dioxide  in  the  river 
er  equals  and  even  exceeds  the  weight  of  all  dissolved  solids.  The 
>iint  of  carbon  dioxide  found  in  the  water  at  each  examination  is 
down  in  Table  147. 


186  NORMAL   AND   POLLUTED   WATEB8.  [M^ 

SUMMARY. 

In  the  foregoinji:  pages  we  have  reviewed  the  important  and  real 
available  records  of  water  examinations  which  have  been  carried 
in  this  country,  except  those  now  being  prosecuted  in  connection  ti 
the  Chicago  Drainage  Canal  and  Illinois  River.  It  is  apparent  ft 
this  review  that  the  pollution  of  natural  waters  follows  social  mm 
pal  progress.  Those  rivers  which  remain  in  their  normal  conditioHi 
situated  in  areas  that  have  not  been  penetrated  to  any  extent  by  i 
growth  of  American  institutions.  Nearly  all  imi)ortant  streams  h 
been  damaged  and  their  normal  resources  diminishe<l.  The  qoesi 
may  be  asked :  Is  not  the  damage  done  to  these  streams  by  the  sei^ 
of  cities  and  by  industrial  plants  merely  a  part  of  the  compensat 
which  we  should  willingly  pay  for  the  advantages  that  we  have  gail 
through  the  establishment  of  those  polluting  influences?  UndoubU 
to  a  certain  degree;  but  the  fact  still  remains  that  in  most  cfl 
when  such  damage  is  carried  beyond  a  certain  point  it  must  beregan 
as  needless  and  unwarranted. 

Water  pollution  is  inevitable  wherever  the  human  race  is  dustel 
together  in  large  numbers,  but  by  the  application  of  the  methods 
sewage  disposal  which  modern  science  has  made  available,  and 
the  exercise  of  an  ordinary  amount  of  municipal  decency,  such  pel 
tion  can  be  so  restricted  that  it  will  result  in  the  destruction  of  (» 
one  or  two  of  the  resources  which  are  vested  in  natural  waters. 

There  is  no  doubt  that  the  run-off  water  from  a  thickly  setik 
country  is  likely  to  be  dangerous  for  domestic  uses  unless  it  is  filtero 
and  the  current  methods  of  sewage  disi)osal,  while  theoretically  pe 
feet,  are  practically  not  sufficiently  so  to  warrant  us  in  using  d 
so-called  purified  effluents  as  we  would  use  the  run-off  from  an  unil 
habited  region.  Yet,  if  proper  precautions  are  taken  and  the  sai 
attention  is  paid  to  sewage  disposal  that  is  ordinarily  given  to  otiH 
departments  of  municipal  affairs,  every  community  will  be  the  rich! 
and  the  tremendous  waste  of  natural  resources  which  is  now  takil 
place  will  ultimately  be  restricted  to  that  which  is  necessary. 


INDEX. 


Pw?.    I 

io,  ralnteUftt VM 

I. ,  ^vrater  from  Bkckstone  Biyer 

at,  analTMS  of 88 

id  ammoofA,  occurrence  of 24 

arrence  of,  in  sorfKce  waters . .       20 
r  Barin,  general  features  of  ..  110-120 

f 110-120 

ion  in 121-122 

ationof 120-121  | 

y   RiTer,  water  from,  analyses  > 

of 128.123,124 

Ohio,   water  from  Mahoning 

Rirer  near,  analyses  of 181,i:fii 

a,  albuminoid,  occurrence  of  —       24 

a,  free,  occurrence  of 24-25 

xMuc  Rirer,  N.  H. ,  imwer  utilized 

on 71 

i,  normal  water 29 

lal  water  from  Massachusetts  23, 25,  IIH 

rom  Ohio  Basin 11« 

a  Miami  Basin 177-178 

ited  water 29 

rom  Massachusetts 25 

r  water.    See  names  of  streams. 

IS,  sanitary,  discussion  of 22^:^^ 

r,   Mass.,  ground    water  from, 

analyslsof .in 

sr  from  Shawsheen  Biver  at,  anal- 

ysisof :W 

hreek,  Ohio,  water  from,  analyHis 

of 142 

oham     reservoir,    Mass.,    water 

from, analysis  of 50 

i  reservoir,  Mass.,  water  from, 

analysesof :^7 

>t  Biver.  N.  H.,  power  utilized  on.       71  , 

;  Biver,  Mass,,  pollution  of 44-«>  i 

er  from,  analysis  of 45 

Haas ,  water  from,  analyaiH  of 74 

er  from  Millers  Biver  near,  anal- 

ysesof 75 

Lake,  Mass.,  water  from,  analyHis 

of 1(1) 

a,  occurrence  of,  in  Hurfaoo  waters       19 
Mass.,  water  from  Ware   Biver 

near,  analysis  of 80,83 

^ater  Company,  water  from  reser- 
voir of ,  analysis  of 81 

s  Junction,   Mass.,   water   from 

Swift  Biver  at,  analysis  of 83 

I,  Ohio,  water  from  E^t  Pork  of 

Little  Miami  Biver  near,  anal- 

ysesof 176 

Brook,  Mass.,  power  utilized  on. .       »> 


l»aKe. 

Bedford,  Mass..  wat4>r  from  Hhawshet^n 

Biver  at,  analysis  of 'M 

Belief ontaiue,  Ohio,  ixdlution  nmr 179 

Billerica,   Mass.,   water    from    Concord 

Biver  near,  analyses  of 45 

Bla4^k  Pork,  Ohio,  water  from,  analyses 

of 188,139 

Black  Biver,  Vt.,  i)<>wer  utilized  «m 71 

Blackstone  Basin,  B.  I.,  K«*neral  features 

of 60 

map  of 61 

normal  water  in,  analyses  of 02 

pollution  in «Mi8 

population  of eo 

Blackstone  Biver,  water  from,  analyses 

of «a,66,«6,tt7,«8 

Boilers,  essential  qualities  of  water  used 

iu 14 

Brilliant,    Pa.,   water   fr»>m    Allegheny 

Biver  at,  analyses  of 122, 12:j 

Brookfleld,  Mass.,  water  from,  analysis  of.        Ki 

Buck  Creek,  Ohio,  water  from,  analyses 

of 177,179 

Burnside,  Conn.,  water  from  Ho<;kanuiu 

Biver  at,  analyses  of 91 

( ^amhridKe,  Ohio,  water  from  Wills  Crwk 

near,  anal }rses  of 149 

(Hampton,  N.  H^,  water  frt)m  Pemigewas- 

set  Biver  at,  analysis  of 55 

(^anal  Dover,  Ohio,  water  from  Tuscara- 
was Biver  near,  analysis  of 1 45 

Canton,  Ohio,  water   from  Nimishllleu 

CrtH^k  ne^ir.  analyses  of 1 44 

Castleuian  Biver,  Pa.,  water  from, analy- 
sis of 127 

Catlettsburg,  Ky .,  rainfall  at 164 

Codarville,  Ohio,  pollution  at 1?3 

Chelmsford,  Mass.,  ground  water  from, 

analysisof 38 

Chester,  Mass.,  water  from,  analjrsis  of..       87 

Chicojiee  Biver,  Mass.,  map  of  basin  of..       78 

IMillutionof 77-«> 

l)ower  utilized  on 71 

water  from,  analysis  of 85 

Chlorine,  <x'currence  of 26-29 

Chlorine  map  of  Massachusetts  and  Con- 
necticut        28 

Cincinnati,  Ohio,  floods  at,  duration,  in- 
tensity, etc.,  of 165 

rainfaUat 164 

Cireleville,  Ohio,  water  from  Scioto  Biver 

at,  analyses  of 162 

Cleves,  Ohio,  water  from  Miami  Biver 

near,  analysis  of 182 


188 


INDEX. 


Clinton,  Mass.,  pollution  at 48 

C'oat^blace  Brook,  Ma8M.,  water  from,  anal- 

ysiaof 49 

CohaH  Brook,  N.  H.,  power  utilized  on  . . .  85 
Colerain,  MaHS.,  water    from   Deerfleld 

River  near,  analyses  of 77 

Color,  detdrmination  of 28 

Columbus,  Ohio,  water  from  Olentangy 

and  Scioto  rivers  at,  analyses 

of leo 

Con<*ord,  Mass.,  ground  water  from,  anal- 
ysis of 38 

water  from  Concord  River  at,  analy- 

sesof 45 

from  Sudbury  River  near,  analy- 
ses of 43 

C4>ncord  River,  Mass.,  power  utilized  on.        35 

water  from,  analyHes  of 45 

('oncord  River  Basin,  charac;ter  of 8B 

map  of 39 

C'onn^H'ticut,  chlorine  map  of  Massachu- 

settsand 28 

court  de<?isionH  in 107-112 

Connet'ticut  River,  fall  of 70 

flow  of 71-72 

general  features  of  basin  of 68-71 

map  of  basin  of 69 

lH>llutionof 94-97 

water  from,  analyses  of 95,96,97 

watt»r  power  in  liasin  of 71 

C'oiitoocook  River,  N.  H.,  powor  utilized 

on '•& 

Cosh<x*ton,  Ohio,  water  from  Tuscarawas 
and  Muskingum  rivers  and 
Walhoning  Creek  near,  analy- 
ses of 148 

Court  decisions  in  Connecticut 107-112 

Crystal  Lake,  Mass..  water  from,  analysis 

of ir: 

Dal  ton,  Mass.,  water  from  Egyi)t  Brook 

at,  analysis  of 100 

Danburj",  Conn.,  pollution  from,  decision 

of  court  on 107-108 

water  from,  analysis  of 100 

Dayton,  Ohio,  pollution  at 181 

water  from  Mad  River  near,  analyses 

of 179 

from  Miami  River  near,  analyses 

of 180,182 

from  Stillwater  River  near,  anal- 
ysis of 181 

Deerfleld  River,  Mass.,iK)llution  and  char- 
acter of  water  of 76-77 

Ijower  utilized  on 71 

water  of,  analyscsof 77 

Delaware,  Ohio,  water  from  Olentangy 

River  near,  analyses  of 159 

Delaware  River,  cities  and  towns  con- 
tributing polluting  substances 

to 114 

map  of  basin  of 118 

turbidity  of ,  at  Trenton 116 

water  from,  analyses  of 115 

Dennison,  Ohio,  water  from  Stillwater 

Creek  near,  analysis  of 147 

Derby,  Conn.,  water  from  Housatonic 

Birer  at,  ADalysM  of 10ft 


Disease  germs,  occnrrenoe  of,  in  surface 

waters 9 

Dracnt,  Mass.,  grroand  water  from,  anal- 

ysisof S 

Drinking  water,  essential  qualities  of....  l&-tt 

Drown,  T.  Mm  reference  to 8) 

Egypt  Brook,  Mass.,  water  from,  analysis 

of m 

Enfield,  Mass.,  water  from  Swift  River 

at,  analsrsis  of 9 

Etna,  Pa.,  water  from  Allegheny  River 

at,  analysis  of 121 

Falls  Village,  Conn.,  water  from  Honsa- 

tonic  Bi  ver  at,  analyses  of ... .  Vfi 
Farm  Brook,  Conn.,  water  from,  analysis 

of m 

Farmington  River,  Conn.,  character  of..     M 

power  utilized  on 71 

Fisheries,  essential  quality  of  water  of . . .  15 
Fitchburg,   Mass,,   water    from    Korth 

Branch  of  Nashua  River  near, 

analysesof 50,9 

Florida,    Mass.,   water   from    Deerfleld 

River  near,  analysis  of 77 

Framingham,  Mass.,  ground  water  from, 

analysisof 9 

Framingham    reservoir,    Mass.,    water 

from,  analysis  of 87 

Franklin,  Ohio,  pollntionat IM 

Free  ammonia,  occurrence  of 2445 

Fuller,  Q.W.,  quoted.  168-170, 18S-lft 

work  of W 

Gallon,    Ohio,    water    from    Olentangy 

River  near,  analyses  of \St 

Gardner,  Mass.,  water  from,  analysis  of.  74 
Germs,  disease,  occurrence  of,  in  surface 

waters 81 

Goodspeed  Landing,  Conn.,  water  from 

Connecticut  River  at.analyses 

of K 

Granville,  Mass.,  water  from,  analysis  of.  87 
Great   Barrington,   Mass.,   water    from 

Green  River  at,  analysis  of. . .  1(0 
Green  River,  Mass.,  water  frpm,  analysis 

of 100 

Greenville,  Ohio,  pollution  at W 

water  from  Greenville  Creek  near, 

analysesof 178 

from  Stillwater  River  near,  analy- 
ses of 181 

Greenville    Creek,    Ohio,   water    from, 

analysesof iTf 

Greenwich,    Mass.,   water    from    Swift 

River  at,  analyses  of 83 

Groton,  Mass.,  water  from  Nashua  River 

at,  analysis  of 53 

Hamilton,  Ohio,  water  from  Miami  River 

near,  analysis  of 1® 

Hardness,  discussion  of 30-31 

Hartford,  Conn.,  water  from  Park  River 

at,  analyses  of 1..      ^ 

Haverhill,  Mass.,  water  from  Merrlmac 

River  near,  analyses  of ^ 

Haynes    reservoir,  Mass.,  water    from, 

analysisof ^ 

Highways^  esaenttal  quality  of  water  used 

tOT   tf 


UrDKZ. 


189 


Hfawik1e,1[Mi.,  water  from  Em*  Branch 

Honsfttonic  Biv«r  at,  analyiwH 

of 1«» 

Borkuram  Birer,  Conn.,  pollntion  of . . . .  W-91 

pover  ntiUaed  on 71 

water  from.  analjBm  of W,01 

EoUm,  IUm.,  water  from  Qnlnepozet 

BlTer  at,  analywe  of 4K 

Holyidu,  Xmb.,  flow  of  Oonnectlcnt  Birer 

at Tl-W 

BiMiiloiiicBiTer^fkllof W 

■i^>ofbafdnof W 

MtomlreMmiceaof 9H-](lii 

■ormAl  water  in  basin  of 1(K» 

poUotioninbaiiinof im-l«)7 

initerfrom.anal7Befiof lOl.KKJfXt. 

104,1(15,  KM 
Inttagton,  Xam.,  water  from,  unalyniH 

of HT 

1m  iadiutry  in  Merrimac  Biver  BMin  .  .       :» 
^"Ppl7«  eawntial  qnalltiee  of  water 

niiedas 1ft 

lapuitiM  in  natural  waters 16 

hUu  Cnek,  Pa.,  water  from,  analynoH 

of 127 

hfption,  esMntial  qnalltieH  of  water 

niiedfor IS 

kmli  BiTer,  K.  H.,  power  utilised  on. . .       71 

JwomeFbrk,  Ohio,  drainage  area  of 140 

Knton,  Ohio,  water  from  Scioto  Bivor 

near,  analyses  of Im 

Xtttk  Brook,  Ifaas.,  water  from,  analyneH 

of ♦« 

KQboek  Creek,  Ohio,  water  from,  analy- 

aesof 1« 

I^ks.  8m  next  word  of  name. 

I^KMter,    llaas.,   water   from    North 

Branch  of  Xanhna  Biv«r  m^tr, 

analysesof '»2 

vttar  from  South  Branch  of  NaHhQH 

Biver  near,  analyeen  of 4*.) 

**wel  Hill  Creek,  Pa.,  water  from,  analy- 

lisof l-T 

^'vi^nce,  llaas.,  effluent  from  fllt4>r  at. 

snalysesof 5h 

^feiTtmsc  Biver  at,  diMcharKe  of 'M 

^•ter  fhmi  Xerrimac  Bivor  m-ar. 

analysesof 57 

^°*^liister,  liaas.,  water  from  Moiiotmim- 

Brook  at,  analysiH  of r>l 

^^f^  Xms.,   water    from   Dwrflold 

Biver  near,  analyniH  of 77 

^^^  Creek,  Ohio,  pollution  and  aual- 

..  yses of  water  from Ui^-iril 

""•^  Ohio,  water  from  Little  Miami 

jj^         Birer  near,analy»e»  of 17« 

^^  Miami  Biver,  Ohio,  pollntion  and 

jj^         snaljrses  of  water  of 17(>-17rt 

j^^Ter,  Conn.,  power  utiliziMl  on  ..       71 
^^^flcioto  Biver,  water  tnmi,  analyseH 

I^^     of IW 

^**ttle,  Ohio  River  at,  character  of 

j^      waterof Wi-IHT) 

^^**»d,  Ohio,  water  from  Littli*  Miami 

Biver  near,  analyses  of 174 


,74  I 


I-airc. 
I>»W(«11,  Mam.,  in^mnd  water  fn»m,  anal- 

yidHof W 

typhiild-fevfr  «*]»idemi(^  at  —  M 

water  from   MerrinuM*  Riv«»r  n(«r, 

analyM^Hof fi6 

Ludlow,    Maiw.,   water    from    lliii*«>p«Ht 

Bivornoar,  analysiH  of »5 

'  Lym'hburK,  ()hi4>.  pollution  at 175 

i  Lynde    Brook   rewrvoir.    Mam.,   wat4>r 

I  f rom.  aiialyww  of flS 

■  McConnelMvilI«>,  Ohio,  wati^r  from  Mus- 
kinirum  Biver  near,  analyHes 

of \ra 

Ma<l  Biver,  ()hii».  iM»llution  i>f 17H-179 

water  from,  analyiiefi  of 177, 1T» 

Mahonintc  River,  niap  of  ImHin  of 131) 

natural  n»t« iur<'«»M  of  IxLHin  of ia»  KID 

water  from,  analyww  of.  IHl.  \itt,  W,  VM,  Kfi 
Manchenter.  (Vnin.,  wat<*r  from  n-wervoir 

at,  analyHen  of VO 

ManchfiHter,  X.  H.,  iN>llution  at .Yi 

Mansfield,  Ohio.  wat4«r  fn>m  Barky  P«»rk 

near.  analym^H  of 14<) 

!  Manufacturing,  <*HHi*ntial  (lualitieH  of  wa- 
ter UH«»d  for 14 

Marietta,  Ohio,  rainfall  at KU 

water  from  MuHkintrum  River  near, 

i  anaIyM*H(>f IfcJ 

Marir>n.  Ohio,  water  fnnu  Little  Sciot<» 

!  River  n«»ar.  analy«o«  of \!it\ 

MaMComy  River,  N.  H..  iK»wor  utili»»d  on       71 
j  Ma««aclniH«»ttH,chl<»rine  mapof  Connwti- 

'  cutand 28 

normal  water  from,  analytdH  of...  £),£>.  1 18 

IK)llut<'<l  wat«»r  from,  analyfds  of 25 

Mafwillon.  Ohio,  water  from  TtwcarawaH 

River  near,  analyw*  of l4Ji 

M«»rrima«r  River,  diy^-hanre  of 'M 

ixillutifm  of ;V>  .TO 

I  water  f n »m.  analy w*h  of .V>, 56,  .')7.  :V,  .'W 

I  Merrimac  Riv«*r  BaHin.  diHcharj^  mea.s- 

iirenientnin Jfi 

'  grenenil  fiMitures  of :5l-.'« 

ice  indu.Htry  in l<\ 

mapof 'M 

I  normal  water  in.  analyses  of :  'i7  W 

IKiIlution  in :w 

l)ower  in 'ii-liTi 

Methuen,  MasH..  f^nmnd  wati*r  from,  an- 

''  alyHiH  of :W 

Miami  River,  map  of  Ixmin  of 171 

normal  and  iMJllutwl  \i'ater8  in  Imsin 

of 17«-ih:j 

pollution  of,  and  analyses  of  water 

from 1>C;-1H3 

I  water  from,  analyst's  of IHO.  182 

'  water  from,  near  Middletown,  Ohio, 

analysisof PS 

I  Mill  River,  Mass.,  power  utilized  <m 71 

I  Mill  Run,  Pa.,  water  from,  analyseeof  . .      127 
Millers  River,  Mass.,  g<?neral  features  of 

basin  of 7:*-75 

map  of  liasin  r»f TA 

m  »rmal  water  of,  anal  yses  of 74 

pollution  of T5-76 


190 


INDEX. 


MillorH  River,  Mam.,  power  ntilisod  on . .       71 

water  from,  analyiiesof 75,76 

Millvale,  Pa. ,  water  from  Allegheny  River 

at,  analysis  of 124 

Millville.  Mass.,  water  from  Blac'kstone 

River  near,  analyses  of «7 

Mine  Falls,  N.  H.,  water  from  Kashoa 

River  at.  analysis  of 58 

Mohican  River,  Ohio,  pollution  of 141 

Monongahela  Basin,  general  features  of.  124-125 

map  of 125 

population  of 126 

Monongahela  River,  water  from,  analsrscs 

of 127-128 

Monoosoc    Brook,   MasR.,    water    from, 

analysisof 51 

Monroe,   Mass.,   water  from    Deerfleld 

River  at^,  analysis  of 77 

Monson,  Mass.,  water  from,  analysis  of. .  85 
Morse    reservoir,    Mass..    water    from, 

analysisof 517 

Mount  Vernon,  Ohio,  water  from  Owl 

Creek  near,  analyses  of 141 

Muskingum  Basin,  Ohio,  map  of Vfl 

pollution  in 147-168 

toixigraphy  and  population  of 188 

Muskingum   River,   Ohio,   water  from, 

analysisof 148,150,152,153 

Musquaix>g   LAko,    Mass.,    water   from, 

analyscsof 81 

Nagog  Pond,  Mass.,  water  from,  analysis 

of 87 

Nashua,  N.  H.,  water   from   Merrimac 

River  at ,  analysis  of 55 

Nashua  Rivt»r,  map  of  basin  of 46 

pollution  of 4(WS4 

water  f i*om,  analyses  of 58. 54 

Natural  waters,  impurities  in 16-22 

l)ollutiouof 81-3:^ 

New  Britain,  Cotiu.,  water  fi*om  Piinnrs 

Brook  near,  analyses  of 02 

New  Lenox,  Mass.,  water  from  Housa- 

tonic"  River  near,  analyses  of  .  HW 
Nt»w  Milford,  Coim.,  ix)11ntion  from,  de- 
cision of  court  on 110-112 

Now  Philadelphia,  Ohio,  water  from  Tus- 

oura  was  River  ueur.analysis  of  145 
Newark,  Ohio,  water  from  Licking  Creek 

near,  analyses  of 150 

Newell,  F.  H.,  letter  of  transmittal  by. . .  11 
Newington,  Conn.,  water   from   Pii)ers 

Brook  at,  aniilyst^s  of VQ 

Nilw,  Ohio,  water  tmm  Mahoning  River 

near,  analysesof VM 

Nimishillen   Creek,   Ohio,    water  from, 

analyses  of 144 

Nitrates,  occurrence  of 26 

Nitrites,  occurrence  of :J5 

Nitrogen,  determination  of 24 

Normal  water,  analysesof 29 

analysis  of,  from  M&ssiichUHetts. .  2;^,i^>.118 

from  Miami  Basiu   177-17h 

from  Ohio  Basin IIK 

North  Andover,  Mass  ,  water  f  ri>ni  Shaw- 

flheen  River  at,  analysis  of :ft) 


IVige. 
North  Branch  of  Naahiui  Biver,  Mms., 

poUutionof MMB 

water  from,  analyses  of 5f).51.Si 

North  Brookfleld,  water  from,  uudsmtsof  9 
North  Oanaan,  Conn.,  water  from,  uudy- 

sisof HO 

North  Manchester,  Conn.,  water   from 
Hockannm  River  at,  anslyses 

of « 

Northampton,  Mass.,  water  from  Con- 
necticut River  at,  analyses  of.      % 
Northfleld    FSrms.   Mass.,    water   from 
Connecticut  River  at,  analyses 

of % 

Nulhegan  River,  N.  H..  power  atiUsed  on      71 

Odor,  determination  of 8 

Oil  City,  Pa.,  rainfall  at M 

Ohio  River,  character  of  water  of lOI-lllJl^ 

IIQ-M 

OhioRiverBa«in,characterof 116-118 

normal  water  from,  analysis  of 118 

rainfaUin HI 

Olentangy  Park,  Ohio,  water  from  Olen- 

tangy  River  near,  analyses  of.     191 
Olentangry  River,  Ohio,  pollution  of  and 

analysesof  water  from 186-lft 

Ompomxwnoosnc  River,  Vt.,  power  ntil- 

Isedon 11 

Oneota,  Lake,  Mass.,  water  from,  anal- 
ysis of m 

Orange,  Mass.,  water  from,  analysis  of . .      T4 
water  from  Millers  River  near,  analy- 
ses of 71 

Organic  matter,  occurrence  of,  in  surface 

waters 17-W 

Ottariueohee  River,  Vt.,  ix>wer  utilized  on  71 
Owl  Creek,  Ohio,  water  fkx>m.  analyses  of.  141 
Palmer,  Mass.,  water  from  Quaboag  River 

near,  analysis  of 84 

Park  River,  Conn. ,  pollution  of ffli-il 

water  from,  analyses  of 9t 

Parkersburg,  W.  Va.,  rainfall  at 164 

Parks,  essential  qualities  of  water  in IS 

Passumsic  River,  Vt.,  power  utilixed  on.  71 
Pemigewasset  River,  N.  H.,  power  util- 

izedon 81 

water  from,  analysisof 5 

Penacook  Lake,  N.  H.,  water  from,  anal- 
ysis of 8r 

Peppcrell,  Mass.,   ground   water   from, 

analysisof V 

water  from  Nashua  River  at,  analy- 

sisof 9 

PilH»rM  Brook,  Conn.,  pollution  of « 

water  from,  analyses  of 88 

Piqua,  Ohio,  water  from  Miami  River 

near,  analyses  of Iff 

Pist'Ataquog  River.  N.H  ,power  utilised  on     S 

Pittsburg,  Pa.,  rainfkll  at lit 

typhoid  fever  epidemic  at Uf 

water  from  Monongahela  River  at, 

analysisof K«-I8B 

Pit txHtield,  Mass.,  water  from,  analjrsis of.     Hi 
water  from  Housatonic  River  at  and 
ntHtr,  analyses  of 101,18 


INDEX. 


191 


r.VA.,]miiiiUlftt 164 

mter,  aiiMlyaes  of M 

dsof,  fromllMHchiUBttB SB 

of  natniml  wmter,  diaciiflBion  of.  81-^ 
;   lAlce,    Hub.,   water   from, 

tamdymlmot lon 

B  of  towns  oontribatiiig  pollut- 
ing nahtttacm  to  Delaware 

Rirer 114 

ms  in  Allegheny  Badn 121 

Blaekatone  Barin 6(MI1 

If onongahffla  Baein 126 

ttfa^Olilo,  rainfall  at 164 

■entlal  qoalltiea  of  water  need 

for 14 

rrimae  Birer  Basin 88-96 

RiTer«  XaflB.,  power  ntlliaed  on.  85 
Basin,  Maaa.,  nnpollnted  waters 

in^analysesof 88 

frooL,  anal3rBi8  of 84 

af  water  for  varioiis  uses 18-16 

et   Rirer,  Xaas.,  water  from, 

analyaosof 48 

t  Akron,  Ohio 181 

oTalley 164 

nr,  imporitieBin 16 

>,  Maaa.,  water  from  Deerfleld 

RiTvr  near,  analysifl  of 77 

righta,  discnflsion  of 38 

fcer,  analyses  of.    See  names  of 

streams. 
o-k,  Ohio,  water  fttmi,  analyses 

of 140 

11,  Omn.,  water  from  Connecti- 
cut River  at,  analyses  of V* 

DasB.,  water  from, analysis  of..  87 

irer.  Conn.,  utilized  power  on . .  71 
ML,  Mass.,  ground  water  from, 

analysisof :w 

',  Ohio,  water  from  Scioto  Bivcr 

at,  analyses  of 15H 

eek.  Ohio,  pollution  of 144 

nd.  Mass.,  water  from,  analyHis 

of 37 

analyses,  discussion  of 22-:^) 

e,  Mass.,  water  from  Sudbury 

Birer,  near,  analysis  of 4a 

drer.  Conn.,  power  utilized  on . .  71 
iin,Ohio,cliaracterandareaof.  15:3-154 

il  water  in l.>4-155 

ion  in 155-162 

rer,  water  fkom,  analyses  of 1 55, 

156,157,158,161 
iservoir,    Mass.,   water    from, 

analysisof 37 

:,W.T.,  cited  on  t3rphoid  fever 

epidemic  at  Lowell 56 

mceto 122 

m  River,  Mass.,  power  utilized 

on H5 

*  from,  analyses  of 30 

'supply  from 38-39 

Mass.,  water  from  HouMitonio 

Biver  at,  analysis  of liM 

e  Flails,  water  from  I)eerfl4ild 

Biver  near,  smiij9i.s  of 77 


71    I 


Shelby,  Ohio,  watiM*  fn>ra  Blai*k  Fork, 

n««r.  analyiM^H  of i:iH,139 

Hhenipitit     I^ake.    Conn.,    water    from, 

analywmof 80 

Sidney,  Ohio,  water  from  Miitmi  River 

near.  analyiWH  of  180 

Soucook  River,  N.  H.,  jwwer  utfliKo<l  on.  35 

Souhegan  River.  N.  H.,  jiower  utilized  on.  86 
South  Branch  of  Nashua  River.  Mam., 

pollution  of 4849 

water  from,  analysis  of 49 

South  C*harle8ton.  Ohi<».  water  from  Little 

Miami  River  near.  nnalyHeH<»f.  172 

Spencer.  Mam.,  water  from,  analysis  of . .  88 

Splckett  River,  Mom.,  power  utilized  on.  35 
SpringfleUI,  Mam.,  water  from  Connectl- 

<rut  River  near,  analjrHes  of 96 

Bpringfleld.  Ohio,  wat<»r  from  Buck  CriH»k 

near,  nnHlyHen  of 177,179 

Sterling.  Mam.,  water  fn>m  Stillwater 

River  at,  nnalynoH  of 48 

Stillwater  Creek,  Ohio,  pollution  of  and 

analym^  of  wat<«r  from 146  1 47 

Stillwater    River,    Mass.,    water    from, 

analyses  of 48 

Stillwater   River,    Ohi*),  i»ollution    and 

nnalyseH  of  water  from 18l»-181 

Sto<;kbridj^!>,  Mam.,  water  fn)m  HotiMa- 

tonie  River  at,  analyueH  of 104 

water  from  I^ko  Averic,  analynlM  of.  10() 

St<my  Brook,  Mom.,  jjower  ntlliziHl  on.. .  85 

Storajire  in  Merrinuw*  River  Ra.sin 33 

Sudbury  reservoir.  Mom.,  water  from, 

analy  hIh  of 37 

Sudbury  River,  Mam.,  flow  of 36 

inapof  b;iHin  of 41 

l)ollution  in  basin  of 40-44 

water  from,  analysers  of 43 

Sugar  River,  N.  H.,  power  ntilized  on 71 

Snn<'<M>k  River,  N".  H.,  jwwer  utilized  on.  35 

Surface  waters,  impurities  in 17-21 

Swift  River,Ma.m..water  from,anal3rMosof  83 
Tatnuok  Bnx)k  n»servoir.  Mam.,  water 

from.  nualysiM)  of 62 

Tipper'nnoe  City,  ( )hio,  i)olluti(m  near 18(> 

Trenton,  N.  J.,  turbidity  of  Delaware 

Riverat 116 

water  from  Delaware  River  at,  analy- 
ses of 115 

Troy,  Ohio,  ])olIution  near 180 

water  from  Miami  River  near,  anal- 

ysesof 180 

Turbidity,  degrees  of 2!^ 

of  Delaware  Ri  ver  at  Trenton 1 16 

of  Ohio  River 163 

Tumer8Falls,Maa8.,  wat<.tr  from  Ctmnec- 

ticut  River  at,  analyses  of 95 

Tuscarawas  River, Ohio,  ]M>llution in  iMsin 

of 142-147 

water  from,  analyses  of 14;^,  145, 148 

Uhrichsville,  Ohio,  water  from  Stillwater 

Creek  near,  analyses  of 147 

Underground  waters,  impurities  in 21-22 

Urbana,  Ohio,  imllution  at 178 

water  from  Mad  River  near,  analyses 

of vrcA-w 


192 


INDEX. 


Uxbridge,  water  from  Blackstone  Riyer 

at,  analyses  of 86 

Valley  Falls,  R.  I.,  water  from  Blackstone 

River  at,  analyses  of 88 

Waits  River,  Vt.,  power  utilized  on 71 

Walhonding  Creek,  Ohio,  pollution  of..  138-142 

water  from,  analysis  of 148 

Ware  River,  Mass.,  water  from,  analyses 

of 80,82 

Warehouse  Point,  Conn.,  water  from  Con- 
necticut River  at,  analyses  of.       97 
Warren,   Ohio,   water  from   Mahoning 

River  near,  analyses  of 133 

Water,  essential  qualities  of,  for  various 

uses 13-16 

Water,  drinking,  essential  qualities  of. . .  15-16 

Water,  natural,  impurities  in 16-22 

iwllutionof 31-33 

Water,  normal,  analyses  of 29 

analyses  of,  from  Massachusetts. .  28, 26, 118 

from  Miami  Basin 177-178 

from  Ohio  Basin 118 

Water,  polluted,  analyses  of 29 

analyses  of,  from  Massaohnsotts 25 

Water,  rain,  impurities  in 16 

Water,  surface,  impurities  in 17-21 

Water,  underground,  impurities  in 21-22 

Waterbury,  Conn.,  i)ollution  from,  deci- 
sion of  court  on IU8-110 

Wayland,  Mass.,  water   from  Sudbury 

River  near,  analysis  of 43 

Wells  River,  Vt.,  power  utilized  on 71 

West  River,  Vt.,  power  utilized  on 71 

Westfleld,  Mass.,  water  from  Westfleld 

River  near,  analyses  of 88 


Westfleld  BiTer,  map  of  basin  of 

pollution  of S, 

power  utiliaed  on 

water  from,  analyses  of ff; 

White  River,  Vt,  power  ntilized  on 1 

Williams  River,  Vt.,  power  ntlliaed  on  .. 

WiUs  Creek,  Ohio,  polation  of  and  anal- 
yses of  water  from 1484 

Wilmington,  Mass.,  water  from  Shaw- 
sheen  River  at,  analysis  of . . ..     1 

Winchendon,  Mass.,  water  from,  analysis 

of 1 

Windermere,  Conn.,  water  from  Hocka- 

num  River  at,  analyses  of I 

Winnepesaokee,  Lake,  N.  H.,  water  from, 
analysisof 

Winnepesaukee  River,  N.  H.,  power  ntil- 
ixedon 

Wooeter,  Ohio,  water  from  Apple  and 
Killbnck  creeks  near,  analyses 
of I 

Worcester,  Maas.,  sewage  disposal  at . . .. 
water  from  Blackstone  River  near, 

jsnalysesof H^ 

Wyandot  Orove,Ohio,  water  from  Sciolo 

River  at,  analyses  of f 

Xenia,  Ohio,  water  from  Little  maad 

River  near,  analyses  of 171^1 

Youghiogheny  River,  water  from,  analy 

SlBOf 1 

Yonngstown,  Ohio,  water  from  if^ii/nnfng 

River  near,  anal]rse8  of 1 

Zanesville,  Ohio,  pollution  at ] 

water  from  Licking  Creek  and  Mas- 

kingom  River  near,  analyaesof    ! 


o 


w-Supply  and  Irrigation  Paper  No.  80  Series  M.  General  Hydrofonphic  InvestigatioDS,  4 

DEPARTMKNT  oK  TIIK  INTKKloi; 

UNITED  STATKS  (;K()L()(;I('AL  SIKVKY 

CHAKLK.S  1).  WALCol T,  Imiik.tor 


THli: 


iLATION  OF  RAKFALL  TO  ItUX-OFF 


IJY 


GEOIKIK    W.    KVM    IKK* 


WASH  IN(_n ON 

(?OVKUNMK  NT    PKINTIN*;    OFFICK 
1  lM):i 


► 


CONTENTS. 


on.. 9 

.- - -.  10 

of  rainfall .  10 

irement  of  rainfall _ 11 

[nination  of  minimnm  rainfall  .  - 12 

ifall  increasing? 18 

ion  of  rainfall  to  altitude 13 

)f  average  rainfall  in  New  York  State 16 

ion  of  rainfall  and  nm-off  into  Htora^e,  growing,  and  replenishing 

Lodfl 16 

th  of  time  required  to  make  good  a  Heries  of  rainfall  records  . .  17 

- 19 

aws  of  stream  flow _ 19 

\  of  measnrement 20 

nnm  flow  of  streams '  30 

acteristics  of  the  minimum  mn-off 21 

ion  of  streams  into  classes 22 

lation  of  run-oflP  from  rainfall  diagrams    .     22 

|i^  in  lakes 28 

mutation  of  annual  run-off 24 

epancies  in  computation  of  run-off _     24 

al  gagings  preferable  to  general  studies  . 24 

lulas  for  mn-off 25 

mum  discharge  formula 26 

Icient  table  for  representative  areas  .  . .     26 

jy 's  formulas . - 27 

:er  of  using  averages  . . 28 

fer  of  using  percentages .  28 

t of  low  ground  water ... 80 

ieule*s  formulas.          .-.  30 

ell's  formulas 33 

tion  between  catchment  arejt  and  maximum  and  minimum  run-off  33 

extreme  low- water  x)eriod. 35 

»tion  in  weir  measurements . .     —  37 

«ee  and  Hudson  gagin^^  redn('e<l  to  shar])-(Te8ted  weir  measure- 

nts .- 87 

ion --                   38 

jerald's  formula  for  evaporation                   88 

>i>ration  relations 39 

tt  of  wind  and  other  meteorolojri<*al  elements                     . 39 

istency  of  rate  of  «'va]>oratioTi                                       40 

itive  evaporiitioii .    -       40 

3 


COTTTENTS. 


Ground  water 

Moyement8  of  gronnd  water 

Growth  of  Htreanu)  by  acceHmon  of  ground  water 

Relation  of  geologic  structure  to  run-oflP   

Effects  of  forests - 

Do  forests  increase  rainfall? 

Effect  of  forests  on  run-off _ . 

Why  the  removal  of  fon^sts  affects  stream  flow 

Forestation  of  the  Croton  catc^hment  area 

Details  concerning  tables  and  diagrams 

Topographic  relations  of  catchment  areas  of  streams  tabulated 

Classification  of  streams - 

Description  of  Tables  1-12 '. 

Description  of  precipitation  and  evaporation  diagrams 

Exponential  formula 

Description  of  run-off  diagrams 

Summary ...  

Tables- - 

Index 


TABLES. 


t,  MnBkingniin  River,  1888-1895,  incltiflive H5 

JL  O^nefiee  River,  1«90-18»8,  inclusive . .                   .  sr, 

S.  Croton  River,  1868-1899,  inclnmve              .  HCl 

4.  Lake  Ckxsliittiate,  1868-1900,  InclnRivf       .  8h 

5.  Sndbnry  River,  1875-1900,  ineltwive. .         .  90 

6.  MjTstic  Liake,  1878-1895,  inclnmve   .  92 

7.  Neshaminy  Creek,  1884-1899,  indnHivf*  . .  O:^ 

8.  Perkiomen  Creek,  1884-1899,  inclusive 94 

9.  Tohickon  Creek,  1884-1898,  incluHive .  95 

10.  Hndaon  River,  1888-1901 ,  incluKive 90 

11.  Peqnannock  River,  1891-1899,  inclusive 97 

19.  Gonnecticat  River,  1872-1885,  inclusive . 

18.  Mean  or  average  rainfall,  run-off,  and  evaiK)rati()U  for  storage.  growiiiK.  98 

and  replenishing  periods  for  12  streauis  of  tlie  United  States .         . .  99 

14.  Low-water  periods  on  Muskingum  River .  100 

15.  Low-water  periods  on  (Jeneeee  River 102 


M 


I 


LLI  STHATIONS, 


''•    I  -     FHafirrain  showing  rt^latioii  Initween  precipitation,  evajwration,  mn- 

off ,  and  temiierature  on  the  Upper  Hudson  River (V^ 

^-  rWagram  showing  th(»  relation  ])etween  evai)oratioii  and  tempera- 
ture on  the  Upper  Hudson  River,  the  years  lieing  arrange<l 
a(*cr>rding  to  the  amount  of  evai)oration .    «4 

•  ^-       XJHagram  showing  the  relation  between  precipitation.  runH>ff,  eva])- 

oration,  and  tf^mjierature  on  the  Upi>er  Genesee  River,  the  years 
being  arranged  in  order  of  dryness 04 

-*  -       XDiagram  showing  the  relation  between  precipitation,  evaporation, 

run-off,  and  tenii>erature  on  the  Sudbury  River,  Massachusetts . .        05 

^  -  XIHagram  showing  relation  l)etween  precipitation,  evaporation,  run- 
off, and  temi>eratur(*  on  the  Sudbury  River.  Massachusetts,  the 
years  l)eing  arrange<l  in  order  of  dryness    fVO 

^ » -  ^EIHagram  showing  the  relation  between  evaporation  and  temx)era- 
ture  on  the  Sudbury  River,  the  years  being  arranged  according 
to  the  amount  of  eva])oration 67 

•  -       X)iagram  showing  the. relation  between  the  precipitation,  run-off, 

evaporation,  and  temix^ature  on  the  Muskingum  River,  Ohio, 

the  years  being  arrangeil  in  order  of  dryness 67 

*^-      X>iagram  showing  the  relation  between  the  precipitation,  evapora- 
tion, run-off,  and  temperature  in  the  Lake  Ck)chituate  Basin,  the 

years  being  arranged  in  order  of  dry  aess _       68 

^  -  XDiagram  showing  the  relation  between  evaporation  and  temperature 
in  the  Lake  Cochituate  Basin,  the  years  being  arranged  accord- 
ing to  the  amount  of  evaporation 69 

•    l^iagram  showing  the  relation  between  the  precipitation  and  run-off 

in  inches  on  the  Upper  Hudson  River 70 

-    l^agram  showing  the  relation  between  the  precipitation  and  run-off 
in  inches  on  the  Upi)er  Hudson  River,  expressed  by  exponential 

formula 71 

^Hn-off  diagram  of  Hudson  and  Genesee. rivers 72 

-         ^Tin-off  diagram  of  Muskingum  River 78 

^^"    ^Hn-off  diagram  of  Passaic  River. '<4 

^^"    ^Un-off  diagram  of  Sudbury  River 75 

1^"    ^tin-off  diagram  of  Croton  River  - 76 

l^iagram  showing  the  relation  l)etween  prwipitation  and  run-off  in 


13. 
13. 


IT. 


I  the  Upper  Hudson  River  Basin  during  the  storage  period 77 

•    I^agram  showing  the  relation  lK*tween  the  pret'ipitation  and  run-off 
J  J  in  the  Upi)er  Hudson  River  Basin  during  the  growing  i)eriod 77 

iMagram  showing  the  pnn'ipitation  and  run-off  in  the  Upper  Hud- 
^^  son  River  Basin  during  the  replenishing  iwriod 78 

^^iagram  showing  the  relation  between  precipitation  and  run-off  in 
j^l  the  Sudbury  River  Basin  during  the  storage  i)eri(Kl 78 

^^Magram  showing  tlu'  relation  lx?tween  precipitation  and  run-off  in 
^^  the  Sudbury  River  Basin  during  the  gn)wing  i)eri(Kl    7U 

^^iagram  showing  the  relation  In^tween  precipitation  and  run-off  in 

•jcj  the  Sudbury  River  Basin  during  the  replenishing  peri<Ml 70 

I  of  Mechanic ville  dam 80 


THE  RELATION  OK  RAINFALL  TO  RIINOFK. 


I5y  (4KOK(iK  W.  Kaftek. 


INTKODICTIOX. 

Tho  rnn-oflf  of  h  Htreiun  in  iiiflu<»n<HMl  by  many  complex  conditioiiH — 
as,  for  instance,  amount  of  rainfHll  and  itH  intensity,  naliirc  of  soil, 
8lox)e  of  surface,  and  area  and  cMmfiguratiou  of  eatchnuMit  basin.  It 
is  also  influenced  by  geologic  structure,  forests,  wind,  force  of  vapor 
pressure,  and  other  elements.  Data  are  still  lacking  for  a  really  sat- 
isfactory discussion  of  the  question,  although  they  have*  aceunnilated 
so  rai>idly  during  the  last  few  yeai-s  that  many  consc^rvativc  conc^lu- 
sions  can  be  drawn  which  may  Ik*  accepted  itn  substantially  tine. 

The  subject  has  been  discussed  in  the  Transtwtions  of  the  American 
Society  of  Civil  Engineers  by  Messi-s.  Herschel,  Fteloy,  FitzClerald, 
Babb,  and  others  in  a  series  of  able  impers,"  but  no  one  of  these  exhib- 
its a  complete  view. 

It  lias  also  been  discussed  in  other  publications,  hut  so  far  as  known 
to  tbe  writer  the  Transactions  of  the  Am(*rican  Society  contain  the 
most  complete  discussion  of  the  subject  that  can  he  found  in  Knglish 
engineering  literature. 

As  a  result  of  many  years'  study  of  the  problem  indicated  by  the 
title  of  this  pai>er  the  writer  has  come  to  the  (conclusion  that  no  gen- 
eral formula  is  likely  to  be  found  expr(>ssing  accurately  the  relation 
of  rainfall  to  the  run-off  of  streams,  for  streams  vary  widely  in  their 
behavior,  and  when  they  do  agree  the  agrecm(*nt  is  usually  accidental. 
As  a  general  proposition  we  may  say  that  cvtM-y  stream  is  a  law  unto 
iteelf. 

The  final  formula  of  run-off  for  a  givtMi  stream,  therefore,  will  differ 
in  some  particulars  from  that  for  evt»ry  other,  (^\cei)t  that  then*  may 
be  accidental  resemblances  as  n^gards  slope,  shape  of  catchment  area, 
or  some  other  peculiarity.  It  is,  howc^ver,  true  that  an  empirical 
formula  may  be  made  for  certain  classes  of  streams  which  will  give 
approximately  the  run-off  for  a  series  of  y(»ars. 

aSeeTrsnH.,  Vol.  X,  v.  atV.  V<.1.  XXVII,  p.  :irii\  rimI  Vol.  XXVIII,  p.  »5J. 
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now  wholly  accM^ptod.  Still  tlu^i*e  is  one  simple  principle  upoi 
no  (lis*igr(»(»2nrnt  exists — that  in  order  to  produce  rain  the  U 
tare  of  the  air  must  be  suddenly  cooled  below  the  dew  point. 
the  air  is  thus  cooIcmI  a  portion  of  the  vapor  is  changed  to  th< 
state  and  the  partic^les  thus  formed  may  float  away  with  the 
they  may  inen^ase  in  size  and  fall  to  the  ground  by  virtue  of  j 
Whether  the  eond<Misati<m  results  simply  in  cloud,  or  whetl 
falls,  dejKMids  on  the  nmgnitude  of  the  temi)erature  changes 
place  in  the*  air  mass. 

The  precise*  manner  in  which  air  is  cooled  to  produce  rain,  i 
by  contact  or  ])y  mixing,  is  not  clearly  appreliended.  Coo 
expansion,  as  air  ascends,  is  one  of  the  most  effective  causes 
fall.  The  ascensional  movement  is  brought  about  in  seveni 
probably  the  most  important  of  which  is  circulation  of  air  in  < 
storms,  by  a  radial  inflow  from  all  sides  and  an  ascensiona 
ment  in  the  center.  A  very  large  percentage  of  the  rain  of  the 
States  is  precipitated  in  connection  with  the  passage  of  stormi 
class.^ 

Mr.  Henry  discusses  the  precipitation  of  the  United  Statei 
the  following  topics:  (1)  The  statistics  used  and  their  aecuri 
Geographic  distribution  and  annual  allowance;  (3)  Monthly  d 
tion  by  districts  and  types;  (4)  The  precipitation  of  the  crop-{ 
season;  (5)  Secular  variations;  (0)  Details  of  the  precipita 
geographic  districts;  and  (7)  Excessive  precipitation. 

The  chapter  on  "  Excessive  precipitation  "is  probably,  from  i 
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f^  at  the  \VoHth<^r  I^uivhu  Htiitioiis  <MiuipiN*<l  with  s<'ir-n»^ist<»niij: 
vs,  c'oiiipikMl  from  all  availahh*  n^MM-ds.  liiaHiiiiirli  as  tli'm  |>HiH.'r 
y  l)e  i-eaclily  ivf«*rreil  t4»  in  tlu'  puhlication  cmIimI,  further  detail  \» 
itted. 

MEASUKKMKNT  OK   RAINFALL. 

The  subject/' How  elotse  may  raintnll  Im»  measui-edy  has  l)e(»ii  fully 
ousHed  by  Prof.  Cleveland  AhlK\"  I^rofessor  Ahho  stat4»s  tliat  the 
luenc^  of  altitude  wa8  first  bi-ought  to  the  attention  of  the  l<>arned 
rid  by  Heberdeu  who,  in  17f>0,  in- a  memoir  in  the  Transa<*t ions 
the  Royal  Society  of  London,  stated  that  a  ^ajre  on  Westminster 
ibey,  over  150  feet  alxive  the  ground,  eau^ht  h*ss  than  half  as 
ich  as  a  gage  at  the  ground. 

Profs.  Alexander  D.  j$ache  and  Joseph  Henry,  and  Mr.  Desmond 
tzGrerald  have  Htudie<l  the  qutjstion  extensively  in  this  countr}'. 
'.  FitzGrerald's  i-esults  may  lie  found  in  tlie  Journal  of  the  Asscxua- 
in  of  Engineering  Societies  for  Aujrust,  1HH4.'' 

Ur.  Fitz€rerald  kept  two  k^^^*^i  <^i*<'  <^^  '^  heijicht  of  2  feet  >i  incdies 
ove  the  level  of  the  gninnd,  and  the  s<'cond  at  a  distanee  of  150 
5t  from  the  first,  and  at  an  elevation  of  i>n  feet  4  inehes  above  the 
irergage.  Both  gages  wen^  14. S;")  iii<«h(»s  in  diameter.  Thes<»  gages 
TO  located  at  Chestnut  Hill  reservoir,  in  the  eity  of  Boston,  but  the 
Bervations  for  wind  vekwity  were  taken  from  th(»  Signal  Service 
flervations,  5  miles  distant.  With  only  five  ex(*eption8  during  the 
"e-year  period,  the  upper  gage  dolivere<l  materially  h»ss  water  than 
B  groand  gage,  the  average  ditTerenee  l)oing  10.0  [km*  cent  for  the 
wle  period.  But  snowfalls  and  mixtures  of  snow  and  rain  are  not 
claded  in  the  table  of  data  given  in  the  paper. 
The  results  recorded  by  Professor  Abbe  are  somewhat  more  exten- 
TO  than  those  presented  by  Mr.  FiizCjerald,  though  Mr.  FitzGerald 
ites  in  his  paper  that  he  has  prepared  a  series  of  experiments  with 
ne gages  and  a  self-recording  anemometer,  from  whi(*h  in  the  course 
time  some  more  definite  results  maybe  reaehed.  So  far  as  the 
riter  knows,  this  second  series  of  observations  lias  not  lK>en  pub- 
ihed. 

In  order  to  show  how  the  eateh  of  rainfall  diminishes  with  height  of 
legage.  Professor  Ablx^  gives  in  his  Tabh'  No.  IV  the  results  of  obser- 
itions  at  different  pla<*es.  These  range  from  IM)  per  <*ent  of  a  gage 
the  ground  to  47  per  (tent.  In  Tablets  Xos.  I,  II,  and  III,  Professor 
bbe  also  gives  the  result  of  various  gages,  which  gave  rr2  to  7  [x*r  cent 
ffi  of  rainfall,  and  from  so  to  Hipereent  less  of  snowfall,  than  gages 
^ the  ground.  Professor  Abb<»  reniarks  that  these  tables  show  eon- 
UBively  the  large  influ(Mie<'  of  win<l  on  the  cat<*h  of  rain,  l)ut  show 


'I^otennination  of  the  tnio  umouut  of  im^'ipitAtion  find  its  iM'HrinKon  tluH)ricH  of  forest  in- 
•**oe8,ljy  CleveUind  AbVH»:  ApixMidix  I  «»f  BulU»tiii  Xo.  7.  Fon'st  lufluenccM:  Pon»Htry  Divi- 
*•  United  Stateii  Departni<'ut  of  A^jrirulturo. 

^I^  the  wind  cause  the  diminishiMl  amount  of  raiu  coUiM^ttnl  in  elevated  raiu  gatces?    Ry 
I  FltlQ«rAld:  Jour.  Assix-.  Knfrineerinff  Sooletleei,  Vol.  lU,  No.  10  (AugUMt,  1884>. 
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nothing  of  its  influoncc*  on  the  cat<*h  of  snow.  Ah  an  o)>servatioiuri 
nietliod  of  ohtaininjr  th(»  tine  rainfall  from  gage  rt*ading8,  Professor 
Abbi'  snggests  the  following  as  offering  a  fair  apiiroximation: 

If  the  prcHtJUt  Rage  has  Ikh-ii  stHiidiiiK  in  an  open  field  at  a  few  feet  elevataoi^ 
place  two  or  more  Hiuiilar  piges  near  it.  and  Hiinilarly  located  as  far  as  olbetadtir 
are  concerned,  except  only  tliat  one  o(  these  is  to  ]je  decidedly  lower  than  theoM ; 
one  and  the  other  decidedly  liijrher.  From  a  comi)ari8on  of  the  simultaneous  iw>= 
ords  of  any  two  giigi^s  and  their  altitudes,  we  should  for  each  sejiarate  rainfaDt? 
rather  than  for  the  monthly  and  annual  sums,  deduce  the  normal  rainfall  by  tlMa 
solution  of  two  or  more  equations  of  the  form: 
Oliserve  catch  of  gage=  ( 1     j?  altitude)  X  (desired  catch  of  normal  pit  gage) 

Where  .r  is  the  unknown  special  coefficient  of  deficiency  due  to  wind 
altitude — that  is  to  say,  having  two  gage  catches,  c,  and  c,  for  the  two  altitodei^ 
H,  and  H^ — we  obtain  the  true  rainfall  (R)  l»y  the  formulas:  1 

<.,  =  (!   -.iV'H,)  R;  and  (ffl 

r,=  (l     .i-%/H,)R.  (M 


whence. 


_c,\/H,  -Ct,\/H, 


^=v£ ::>«:■='•• -/H-"-'  'i='-'+"<'-.-'-^>-       («i 

If  r,  and  H,  relate  to  the  lower  gage,  we  shall  generally  have  c,>C2  and  H,<H,t_ 
and  the  coefficient  n  will  be  a  i>f)sitive  fra<*tion,  for  value  of  which,  for  such  com*., 
binations  as  may  easily  occur  in  practice,  a  table  is  given  in  the  paper. 

It  is  evident  then,  without  special  discussion,  that  nearly  all  rain- 
fall measurements  thus  far  made  in  the  Ignited  States  are  only 
approximations,  and  that  while  they  remain  in  this  state  to  cany 
them  out  to  more  than  one  <lecimal  place  is  an  unnecessary  refinement 

DETERMINATION    OF   MINIMUM   RAINFALL. 

The  writer  has  spent  considerable  time  in  an  attempt  to  determine 
about  what  the  minimum  rainfall  at  any  particular  station  may  h6 
expiKJti^d  to  be;  or,  rather,  he  has  endeavored  to  ascertain  the  rela- 
tion between  the  minimum  rainfall  and  themaxitnum.  In  the  course 
of  this  quest  he  has  examined  practically  all  the  records  in  the  State 
of  New  York,  as  well  as  many  records  in  New  Jersey,  Pennsylvania, 
Michigan,  Illinois,  Nebraska,  Colorado,  and  Wyoming,  as  well  as  in 
Canaila.  As  a  gen(»ral  rule,  to  which  there  are  some  exceptions,  the 
minimum  rainfall  may  be  placed  at  about  one-half  of  the  maximum. 
That  is,  if  tlu*  maximum  rainfall  at  a  given  station  is  about  50  inches, 
the  minimum  will  be  in  the  vicinity  of  20  to  25  inches.  In  some  cases 
the  minimum  will  Ik^  not  more  than  one-third  of  the  maximum,  or 
even  somewhat  less  tlian  one- third;  occasionally,  not  more  than  one- 
quarter.  It  is  not  intended,  however,  to  lay  this  down  as  an  abso- 
lutely univ(*rsal  rule,  but  rather,  for  the  present,  as  a  somewhat 
imperfect  guide.  As  a  further  rough  guide  it  remains  to  point  out 
that  in  (*ase  a  given  record  does  not  (»onform  substantially  to  the  fore- 
going  it  may  be  assumed  t\\a\.  e\t\ieY  Wve  luluimum  or  the  maximum^ 
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8  the  case  may  be,  \h  still  to  ckhmif.  Nour  tlio  soiicoasi,  wIhm'o  the 
ipply  of  moistun'  in  the  air  is  jiion*  nearly  constant,  there  is  lesH 
iriation  than  in  the  interior,  and  th«'!  ruh'  tliat  tlio  ninximuni  is 
mble  th<*  ininiujuni  is  mon^  ;2;en<*rally  true.  This  ]>n)iN)sition  is  also 
tnerally  true  as  regards  Knprlisli  meteorology. 

IS   KAINFAIJi   IXCKKASIXC;';:' 

This  question  has  been  diseussed  by  Pj-of.  .Mark  \V.  Harrington,'' 
10,  however,  readied  no  very  definite  ^'onehision,  jiltliou^h  \w  is 
spuaed  to  answer  it  in  tlie  nepitive.  The  nietlio<l  of  dis<Mission  fol- 
ired  was  to  reduce  the  annual  rainfalls  to  a  s4M*ies  of  means  of 
ch  live  years.  Tliest*  means  wer4»  ent(»red  on  a  succession  of  maps, 
e  years  apart  in  time,  and  on  these  maps  was  drawn  the  lin<»  <)f  40 
?hes  of  annual  rainfall.  The  question  to  be  <letermined  is,  as  we 
ftw  this  line  for  each  five-year  mean,  I)o4's  it  change  its  position  in 
J  rejifular  and  systennitic  way? 

An  examination  of  the  detail  shows  that  while  th4\s(»  lines  are  sub- 
it  to  limited  fluctuations  ihere  are  no  uniform  or  systematic  (luctu- 
ions.  The  line  of  ecitial  rainfall  for  isoi-isr,')  o<*cupied  nearly  the 
me  position  as  the  line  for  ISSO-lsiK).  'J'lu»  variations  are  some- 
nes  ext^^nsive,  but  without  .syst<^mati<'  prop'css.  l*roft»ssor  Ilar- 
igton  therefon»  concludes  that  with  the  data  at  hand  then*  is  jiot 
ifident  evidence  of  systematica  fluctuation  of  the  rainfall. 

RELATION  OF   KAINKAI.L   Tn    ALTTTl'DE. 

This  matter  has  been  refernnl  to  in  a  diseussion  «)f  JMr.  Noble\s 
iperon  Gagiugs  of  Cedar  Uiver,  Washin^^ton/'  wIkmc  tin*  statement 
18  been  made  that  In  the  State  of  New  Vork  the  rainfall  re<*ords 
ow both  increase  and  diminution  of  preejpitation  with  increase  of 
titade.  The  Hudson  River  catchment,  area  shows  a  hijijrher  [)recipi- 
tion  at  the  mouth  of  th<'  river  than  it  <l()es  at  its  source  in  the 
Urondack  Mountains,  while  the  (Jr»nesc(»  Kiver  shows  tlie  opposite, 
imely,  higher  precipitation  at  its  sourc<'  than  at  its  mouth. 
According  to  a  table  of  average  montlily,  annuaK  and  seasonal  j)re- 
[citation  in  Mr.  Turner's  mono<j:ra[»li  <ni  the  ellmate  (»f  New  York 
ate*  it  api>ears  tliat  the  coast  rc<rion,  whicli  includ<»s  IMoek  Island, 
ist  Hampton,  Setauket,  Fort  Columbus,  N^'W  York  City,  Mount. 
Basaut,  Tarrytown,  Wliite  Plains,  ('rot on  dam,  and  North  Salem, 
Man  average  annual  precipital  i(»n  of  44.'J:>  inehes.  With  the  4»xeep- 
m  of  Block  Island  th(;se  stations  an*  all  in  New  Vork  and  not  far 


land  snow  of  tlu«  Unitwl  Statt-^,  coinpiliMl  tn  tl«iM*iid  .»f  IHIM.  with  nnmial.  HtMtHonnl. 
■thly,  and  «>ther  charts,  by  Murk  W.  Ilarrinu'f.ni:  Hullftiirt'.  Wi'atli«*r  Bunim,  T'.  S.  Fh^pt.of 
!ilLiiItnre. 

^TrtiiB,  Am.  Jkic.  Civil  Kuf^.,  Vol.  XF.I.  im>.  I  -y*- 

^Tbe«liniateof  New  York  Htatr.  ]>y  K.  T.  Tiirm-i-.  ('.  K.,  lat»'  lUt'ttNn-dloKiHt  »if  the  Now  York 
*>ther bansau:  Fifth  Ann.  Ropt.  Now  Ym-k  WoatluT  Buroaii,  IS4«.  Ko]irinto<l  in  EiKhtli  Ann. 
Vt  of  the  bnreaii,  1km;. 
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from  the  coast,  and  they  range  in  elevation  above  tide  water  from  1 
feet  at  P^ast  Hampton  to  301  feet  at  North  Salem.  The  average  ek 
vation  of  tlie  coast  region  is  132  feet.  The  records  vary  in  lengt 
from  7  years  to  49  years,  with  a  total  of  195  years.  Five  of  the  stf 
tions  are  in  Westchester  ('ounty. 

As  given  by  Mr.  Turner,  tlie  northern  plateau  includes  ConstaU 
ville,  T^owville,  Fairfield,  Johnstown,  Pott-ersville,  Elizabethtowi 
Keene  Valley,  and  Dannemora,  in  the  counties  of  T^ewis,  Herkime 
Warren,  Essex,  and  Clinton.  According  to  the  table  the  averag 
annual  precipitation  at  thesi*  places  is  38.97  inches.  The  elevation  ( 
the  stations  above  tide  ranges  fi'oni  000  feet  at  Fllizaibethtown  to  1,311 
feet  at  Dannemora,  with  an  average  (devation  of  973  feet.  The  record 
vary  in  length  from  4  to  22  yeai-s,  with  a  total  of  73  years. 

Again,  the  western  plateau,  which  includes  stations  in  Cattaraogiu 
Wyoming,  Allegany,  Si^ul>en,  Livingston,  and  Chemung  crounties,  ha 
an  average  elevation  alH)ve  tide  of  1,307  feet,  ranging  from  1,950  fee 
to  525  feet,  and  ha.s  an  average  annual  precipitati<m  of  35.58  inchtt 
while  the  Hudson  Valley,  which  includes  stations  in  Putnam,  Orange 
Dutchess,  Ulster,  (•olumbia,  Albany,  Rensselaer,  and  WashingtCH 
counties,  has  an  average  elevation  of  230  feet  alx)ve  tide,  with  ai 
average  annual  precipitat  ion  of  38.46  inches.  The  records  range  fron 
9  veal's  to  05  years,  with  a  total  of  277  years. 

The  Great  Lakes  region,  with  an  average  elevation  of  494  feet, has ai 
average  annual  pr(M*ipitatiou  of  35.17  inches,  while  the  central  lab 
region,  with  an  av(»rage  elevation  of  V>\H)  feet,  has  an  average  annua 
precipitation  of  43.41  inches. 

Mr.  Turner's  table  is  based  on  a  calendar  year,  from  January  t< 
DeccMuber,  inclusiv<\  Further  data  may  be  obtained  from  this  excel 
lent  table. 

In  Table  No.  24  of  the  Tpper  Hudson  Storage  Surveys  Report fo 
181M)  there  is  given  the  mean  precipitation  of  the  Up[)erHudson  eatcli 
ment  area.  The  stations  then^in  includ(Ml  are:  Albany,  1825-1895,7 
years;  (41ens  Falls,  lS71»-ls<)r»,  17  years;  Keene  Valley,  1879-1895,1 
years;  western  ^lassaehusetts,  1SS7-1S!)5,  i)  years;  northern  plateat 
1881^1805,  (U  years:  LowvilU*  Aca<leniy,  1827-1848,  22  years;  John: 
U>wn  A(»ademy,  lS2S-ls4r>,  IS  years;  Cambridge  Academy,  1827-183! 
13  years;  Fairfic^ld  Aeach^my,  1828-I841»,  22  years;  Granville  Aca< 
emy,  ls:)")-ls4i>,  IT)  y(»ars.  Assuming  th<»  northern  plateau  as  a  un 
the  total  number  of  years  is  li)i>o?  **'^^1  ^'^^  mean  of  all  is  37.4  inehe 
A  r<»f<»rence  to  the  rainfall  map  in  th<'  re]H)rt  of  the  Unite<l  Stat 
l>oard  <»f  Kngineers  on  Deep  Waterways  will  show  that  this  is  nece 
sarily  an  approximation,  because*  of  gr<»at  hick  of  stations  in  tl 
int«»rior  of  this  region. 

As  reganls  the  eatehnuMit  area  of  the  ri>i)er  (lenesee  River,  the 
is  a  very  decided  increase  in  rainfall  as  one*  goes  t^)wanl  the  sourc 
For  the  yeai>*  1889-18i>6,  inclusive,  the  rainfall  in  the  upper  area « 
this  streHui  was  42.19  inches,  whiVe  al  lloeU^^U^v  tvw  the  same  yea 
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it  was  35.64  inches.  This  staUMUonl  is  eHpeciaUy  i ii Unrest  iujr,  U'caiise 
there  seems  to  be  a  well-marked  line  dividing;  tlie  sinalliM*  rainfalls  of 
the  lower  area  from  the  hijifher  rainfalls  of  tb(»  npixM*.  At  Hemlock 
Like,  Avon,  and  Mount  Morris  the  rainfalls  are  all  low,  the  average 
at  Hemlock  Lake  from  1870-lSi>r>,  inclnsiv(\  InMntr  1*7.50  inches.  In 
1880  it  wa.s  21.0i»  inches;  in  1S7'J,  2l\  10  inches,  and  in  issi  only  l'4.;30 
iaehes.  We  have  here  thive  yeai^s  of  cx<MMMlinjj:ly  low  rainfall,  in 
which  the  run-off  must  have  also  Imhmi  very  low.  In  iSiJo  the  rain- 
h  Ulat  Hemlock  Lake  was  only  is.:»s  inches.  'V\w  average*  precixnta- 
tionat  Avon  and  Mount  Morris  from  USIM  to  ISIMJ,  inclusive,  was^K).12 
inehes.  In  1895  it  was  only  25.()o  inches.  The  following  are  sta- 
tions  at  which  it  was  much  higher  ^or  the  ycai-s  isui  to  18!>5,  inclusive: 
leroy,  45.25  inches,  and  Arcade,  41.»'»()  in<*hes. 

The  statements  of  precipitation  in  (icncs4M'  liiver  catchment  area 
Me  all  based  on  a  water  year,  Deccnilwr  to  November,  inclusive. 

The  following  are  fi-om  HussolFs  Meteorology/'  illustrating  Atlantic 
wast  rainfalls,  and  are  the  av<'ragcs  (hM-ivcd  from  observations 
extending  from  1870  to  1888.  The  rainfalls  arc  slated  to  be  fairly 
i«presentative  for  large  districts  of  country  around  the  places. 

At  Jacksonville  the  weather  buri^au  otTice  is  at  an  elevation  above 
tide  of  4.*J  feet,  while  the  average  jinnual  rainfall  is  57.1  inches.  At 
Norfolk  the  elevation  of  weather  bureau  is  57  feel  above  tide,  and 
the  average  rainfall  is  51.7  inches.  At  l>oston  the  weather  buivau 
offlce  is  125  feet  above  ti<le,  and  the  average  rainfall  is  4(».8  inches. 
I  The  following  illustrate  the  change*  as  on<»  goes  north  through  the 
J  Mississippi  Valley:  At  New  Orleans  tin*  weather  bureau  office  is  54 
I  feet  above  tide,  the  average  rainfall  »*»l*.«»  im'h<»s;  at  St.  Louis,  wc^ather 
f  bureau  office  507  feet  above  tide,  aveM-age  rainfall  .'{7.S  inches;  at  St. 
Paul,  weather  bureau  office  s.'x)  te<a  ab(»ve  ti<lc,  average  rainfall  28.li 
I     inches. 

!  The  following  illustrate  \\w  Kocky  Mountain  region :  At  Fort  (^rant, 
I  Ariz.,  elevation  of  w<»ather  bureau  4,s:}:j  feet,  average  rainfall  15.8 
*  inches;  at  Denver,  elevation  of  w(»ath<»r  bureau  5,:U)()  feet,  av(»rage 
^  rainfall  14.7  inches;  at  Fc»rt  lienton,  Mont.,  elevatitui  2,505  feet, 
I     average  rainfall  13.2  inches. 

{    .    The  following  illust  rat  <' the   Pacitic coast    region:  At  Tort  land,  ele- 
.;^    Ration  of  weather  bun»au   otlicc  is    157   f<*et,   average   rainfall  50.3 
inches;  San  Francisco,  elevation  15:;  feci,  averag<'  rainfall  2.')  inches; 
•*^ Diego,  elevation  <l'j  tV<*t,  average  rainfall  10.2  inches. 

These  figures  abundantly  su|»port  the  [)roposition  that  in  the  Tnited 
"tates  the  rule  of  increased  pn^cipitation  with  higher  altitude  is  by 
'^0  means  universal.  The  wijlei-  can  not  Nay  i>ositively,  lM*cause  lie 
"^  not  exaniiiKMl  the  vast  uumiIm'I- of  records  with  i-efer4'nce  to  this 
^^Ut,  but  he  thinks  it  <|uite  ])ossible  that  tin*  rev<»rse  is  more  nearly 
'''^♦^.     That  is,  owing  to  distance  from  the  ocean,  prevailing  dir4»cti<)n 

«'Mvt«'<.ii-<>l»»^y,  Jiy  Tliniitas  Husm-1I.  I'.  S.  A»wt.  KnifhuiT. 


16  RELATION   OF   RAINFALL   TO   BUN-OFF.  [«o.«. 

of  wind,  and  other  causes,  it  is  probable  that  for  the  entire  coimtq^. 
precipitation  decreases  with  higher  altitude  rather  than  increases. 

The  decision  of  this  question  will  depend  to  some  extent  upon  tiht 
steepness  of  ascent.  Thus  on  Mount  Washington,  which  is  projectfldl 
into  the  air  far  al)ove  the  surrounding  mountains,  the  rainfall  k 
about  83  inches.  '  In  other  cases,  where  the  ascent  is  gradual,  no 
increase*  is  apparent.  The  same  is  also  frequently  true  of  shai| 
ascents.  On  T^ngs  Peak,  in  Colorado  (elevation  14,271  feet),  IM 
rainfall  in  18911  was  10.7  inches. 

Morever,  the  writer  has  mostly  avoided  comparatively  small  diffe^ 
ences  in  rainfall — those  not  exceeding  2  to  2.5  inches.  In  such  casQI 
the  difference  is  too  small  to  Im*  any  certain  guide.  E8[>ecially  is  thk 
true  in  the  case  of  the  northern  plateau,  where  there  is  still  a  great 
lack  of  stations.  The  differences  between  high  altitudes  and  loW 
should  be  as  much  as  5  or  6  inches.  Again,  whether  the  excess  raiib 
fall  occcurs  in  the  winter  or  summer  months  must  be  taken  intt 
account.  If  it  o<*>curs  in  the  summer,  even  3  inches  of  rainfall  may  not 
make  more  than  0.1  or  0.2  inch  in  the  stream.  Rainfall  and  run-otf 
observations  are  not  yet,  nor  are  they  likely  to  ever  be,  deiinitli 
enough  to  take  into  account  an  annual  dilTerence  of  much  less  thas 
about  1  to  1.5  inches.  Again,  the  writer  has  ceased  to  l^e  excessivdif 
particular  about  the  total  of  the  annual  rainfall.  Assuming  soul 
considerable  length  of  record,  small  errors  have  relatively  sligM 
effect.  This  matter  is  referred  to  here  because  nearly  all  rain&l 
records — at  any  rate  in  the  United  States — have  more*  or  less  error  ii 
them,  and  while  it  is  desirable  to  have  records  as  reliable  as  possibly 
a  few  errors  <lo  not  affect  a  record  very  seriously.  It  is  nevertheleai 
very  desirable  to  know  the  hi.' '  ory  of  the  recortl  in  order  to  insure 
the  degree  of  confidence  to  be  placed  in  it. 

ah 

MAP  OF  AVERA(JE   RAINFALL   IN  THE   STATE   OF  NEW    YORK. 

On  PI.  XCVTII  of  the  Repoi-t  to  tlie  United  States  Jioard  of  Engi- 
neers on  Deep  Waterways,  the  writer  has  given  the  average  rainfall 
at  a  large  number  of  stations  throughout  the  StAt<^  .  f  New  York. 
When  this  map  was  prepared  considerable  time  was  expended  il 
drawing  lines  of  ecjual  rainfall  upon  it,  but  so  many  disci*epanci«| 
appeared  that  it  was  finally  concluded,  for  the  present,  that  it  should 
be  allowed  to  st«,nd  without  such  lines.  The  cmly  way  these  conteui* 
could  l>e  drawn  with  any  satisfiiction  wjis  to  omit  stations  which  con- 
flicted too  inuch  therewith.  This,  the  writer  did  not  f(»el  justified 
in  doing.  The  obsi^rvations  are  not  extensive  enough  to  enable  one 
to  draw  these  lines. 

DIVISION   OF   RAINFALL   AND   RUN-OFF   INTO   STORAGE,  GROWING,  ANP 
REPLENISHING   PERIODS. 

The  writc*r  lias  found  it  very  convenient  to  divide  rainfall  and  rua- 
off  records  into  the  three  pexVods.,  W\ov>>vj  ol  ^Xat^*^.,  ^Towing,  an^ 
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>leni8hing,  with  a  water  year  ]>eginniujc  Dei*eiuber  I  and  euding 
vember  30.  The  storage  pericxl  includes  the  months  from  Decem- 
r  to  May,  inclusive,  during  which  the  evaporation  and  absorption 
plants  are  relatively  slight,  and  a  very  large  proportion  of  the 
nfall  appears  in  the  streams. 

rhe  growing  period,  June  to  August,  inclusive,  includes  the 
riod  of  active  vegetation,  when  evaporation  and  absorption  by 
knts  are  most  notable.  During  this  i)eriod,  frequently  not  more 
in  0.1  of  the  rainfall  appears  in  the  streams,  and  sometimes  not 
>re  than  0.05  or  even  less.  Ground  water  tends  to  become  lower 
d  lower  during  this  period,  unless  the  rainfall  is  much  higher  than 
3  average. 

[n  the  replenishing  jK»riod,  September  to  NovemlnM-,  in<*lusive,  with 
e  normal  rainfall,  ground  water  tends  to  n*cover,  an<l  the  run-off  is 
■ger  than  in  the  pi-eceding  i)eriod.  This  period  is  n^plenishing  in 
is,  that  there  is  a  tendency  to  return  t^>  normal  <*()nditions. 
No  hard  and  fast  rule,  however,  can  l)e  laid  down  as  to  the  begin- 
ttg  and  ending  of  these  i>eriods.  In  some  years  the  beginning  of  the 
fcter  year  should  l)e  placed  at  November  1,  instead  of  December  1, 
lile  in  others  the  storage  i)eriod  may  end  with  April.  Very  often, 
e  i)eriod  runs  into  another,  but  after  consideral)le  study  the  forc- 
ing divisions  have  been  accepted  as,  on  the  whole,  best  represent- 
gall  the  conditions.  In  England  many  hydrologists  begin  the  water 
tar  with  September  1  as  best  suiting  the  conditions.  The  same  thing 
»  been  done  by  the  Philadelphia  water  department  in  tabulating  the 
kta  of  Neshaminy,  Perkiomen,  Tohickou,  and  Wissahickoii  creeks 
id  Schuylkill  River. 

One  great  advantage  of  dividin;^  r(K*ords  into  these  periods  is  as 
•Hows:  Since  evai)oration  and  i  l<*..i  absorption  are  light  <luring  the 
onths  of  the  storage  period,  it  follows  to  a  gn^at  degree  that  the 
nount  of  water  which  can  be  stored  is  exhibited  by  the  rainfall  of 
e  storage  months.  Realizing  this  fact,  it  has  been  tli<*  writer's  habit 
r  several  years,  in  storage  projects,  to  first  tabulate  rainfall  in  the 
[inner  indicated.  Such  procedure  has  t lie  advantage  that  it  leads 
6  away  from  the  contemplation  of  mere  detail.  There  is  a  positive 
^advantage  in  considering  the  monthly  <[uantities,  for  which  there 
no  compensation.  The  division  into  the  three  periods  exhibits  the 
)re  important  characteristics  without  overburdening  the  mind.  It 
believed  that  a  considerable  advance  on  ordinary  i)ractice  has  been 
ide  by  proceeding  in  the  manner  statinl. 

NGTH   OF  TIME   KE<^UIREI>   TO    MAKE   OOOl)   A    SERIES   OF  RAINFALL 

RECORDS. 

rhis  question   is  partially  answered  in  the  writer's  second  report 
the  Upi>er  Iludscm  Storage  Surveys,  for  ISOO^  by  a  short  analysis 

IRR  8<^— 0:3 '2 
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of  a  i)api»r  liy  Alexander  R.  Binuie,  member  of  the  Institution  of  Civil'i 
Engineers.^* 

One  of  the  important  problems  worked  out  by  Mr.  Binnie  is  as  ■ 
answer  to  this  question:  What  is  the  least  number  of  years  of  whid^. 
the  continuous  reeord,  when  the  average  rainfall  has  been  determine%i 
will  not  he  materially  affected,  so  far  as  the  value  of  the  mean  Wi 
conceiTied,  even  if  the  record  l)e  extended  by  a  greater  number  o(^ 
years'  observations?  Also,  What  is  the  probable  accuracy  of  any.; 
record  the  lengtli  of  which  is  less  than  that  necessarj^  to  give  an  av»- 
age  which  will  not  Ix^  materially  altered  when  the  record  is  extended! " 

Space  will  not  b<*  taken  to  show  Mr.  Binnie's  views  in  detail,  for 
which  reference  may  l>e  made  to  the  abstract  in  the  second  Hudson 
report,  or,  for  the  complete  views,  to  the  paper  in  the  Proceedings  of 
the  Institution  of  Civil  Engineers,  but  assuming  that  the  observatioM 
are  properly  made  it  is  stated  that  "dependence  can  be  placed  on 
any  good  record  of  thirty- five  years'  duration  to  give  a  mean  rainfall 
correct  within  2  per  cent  of  the  truth." 

Further,  it  can  be  stated  that  for  records  from  twenty  years  to 
thirty-five  years  in  length,  the  error  may  be  expected  to  vary  froa 
3.25  per  cent  down  to  2  per  cent,  and  that  for  the  shorter  periods  of 
five,  ten,  and  fifteen  years,  the  probable  extreme  deviation  from  the 
mean  would  be  15  j)er  cent,  8.25  per  cent,  and  4.75  per  cent,  respec- 
tively. 

A  twenty  years'  record,  therefore,  may  be  expected  to  show  an 
error  of  3.24  per  cent.  This  is  al>out  as  close  as  rainfall  records  in 
this  country  can  be  expected  to  agree,  as  comparatively  few  are  much 
beyond  twenty  yeai-s  in  length. 

In  his  paper  on  the  Rainfall  of  the  United  StAtes,  Mr.  Henry  has 
examined  this  question,  using  long  records  at  New  Bedford,  St.  LouiSi 
Philadelphia,  Cincinnati,  and  other  places.  The  rainfall  has  been 
measured  at  New  Bedford  for  83  consecutive  years,  and  at  St.  Louis 
for  00  years.  For  a  10-year  period  Mr.  Henry  found  the  following 
variations  from  the  normal:  At  New  Bedford  -h  10  per  cent  and  —11 
per  cent;  at  Cincinnati,  +  20  percent  and  —17  per  cent;  atSt.  Ijoais, 
+  17  per  cent  and  —  13  per  cent;  at  Fort.  Leavenworth,  +  16  per  cent 
and  —18  per  cent;  and  at  San  Francisco,  +  9  per  cent  and  —10  per 
cent.  For  a  25-year  perio<l,  it  was  found  that  the  extreme  variation 
was  10  per  cent,  both  at  St.  Louis  and  New  Bedford.  Mr.  Henry 
reached  the  conclusion  that  at  least  35  to  40  years'  observations  are 
required  to  obtain  a  result  that  will  not  depart  more  than  it  5  percent 
from  the  true  normal.  The  average  variation  of  a  35-year  period  was 
found  to  be  ±  5  per  cent,  and  for  a  40-year  period  ±  3  per  cent. 

This  preliminary  study  indicates  slightly  more  range  than  was  found 


«On  mean  or  average  rainfall  and  the  fln«*tiiations  t^)  which  it  in  subject,  by  Alexander  B- 
Binnie,  Innt.  C.  E.:  Pn)c..  Inst.  C.  E.,  Vol.  riX  y  IWK).  pp.  s»-172. 
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lyMr.  Binnie,  although  it  may  be  reiiioiiilMM*e<l  tliai  ilie  oliservatioiiH 
f  the  latter  are  far  more  extenHive  than  Mr.  Ilenry^H. 
Again,  since  the  run-off  is  a  function  of  the  rainfall,  it  follows  that 
;mu8t  be  affected  in  some  degree  in  a  similar  manner.  As  to  just 
ke  relation,  so  far  as  known,  very  few  computat  ions  liave  been  made, 
ndeed,  very  few  run-off  tabulations  are  extant  which  are  long  enough 
)  settle  this  question.  It  is  clearly,  theit^fore,  very  difficult  to  solve 
efinitely  so  abstruse  a  problem  as  that  of  the  extent  to  which  fort^sts 
ffect  rainfall.  All  solutions  are  necessarily,  and  will  be  for  some 
me  to  come,  tentative  in  their  chara<?ter. 

RUN-OFF. 

THE   LAWS   OF   STKKAM    FLOW. 

A  general  statement  of  these*  laws  from  Mr.  V(M'meul(^  is  as  follows: 

The  waters  of  the  earth  are  taken  up  by  tb(;  pr<>cteH8  wliirh  we  (tail  evaporation 
»d  formed  into  clouds,  to  be  again  pre<-ipitat<*(l  to  earth  in  the  form  of  rain  or 
low.  Of  the  water  which  falls  upon  the  basin  of  a  stream,  a  i)ortion  is  ovapo- 
ited  directly  by  the  ami:  another  large  i)ortion  is  taken  up  by  plant  growth  and 
nily  transpired  in  vapor:  still  another  iM>rtiou,  large  in  winter  but  very  small 
I  rammer,  finds  its  way  over  the  surface  directly  into  the  stream,  forming  sur- 
iceor  flood  flows:  finally,  another  part  sinks  into  the  ground,  to  replenish  the 
neat  reservoir  from  which  plants  are  fed  and  stream  flows  maintained  during  the 
yriodsof  slight  rainfall,  for  the  rainfall  is  freciuently,  for  montbs  together,  much 
IB  than  the  combined  demands  of  evax)orcition.  plant  growth,  and  stream  flow, 
heae  demands  are  inexorable,  and  it  is  the  groiuid  storage  which  is  called  upon 
iSQpply  them  when  rain  fails  to  do  so. 

All  of  these  ways  of  disposing  of  th«?  rain  wliich  falls  uimwi  the  earth  may  Ix? 
MBed  as  either  evaporation  or  stream  flow.  Evaporation  we  make  to  include 
onct  evaporation  from  the  surface  of  the  earth,  or  from  water  surfaces,  and  also 
ie  water  taken  np  by  vegetation,  most  of  which  is  transpired  as  vapor,  but  a 
irtion  of  which  is  taken  permanently  into  the  organisms  of  the  plants.  Stream 
nr  includes  the  water  which  pa.sses  directly  over  the  sur  ac^  to  the  stream,  and 
bthat  which  is  temporarily  absorbed  by  the  earth  to  l)e  slowly  discrharged  into 
*  ttreams.  A  portion,  usually  extremely  small.  passc»s  d(^wnward  into  the  earth 
Bd  appears  neither  as  evaporation  nor  as  stream  flow.  It  is  usually  too  small  to 
5  considered,  and  we  may  for  our  imrposes  assume  that  all  of  the  rain  which  falls 
pon  a  given  watershed  and  does  not  go  off  as  stream  flow  is  evajwrateil,  using 
flatter  word  in  the  broadened  sense  which  we  have  above  de8cribe<l. 

Probably  one  very  important  effeel  of  fon^sts  is  that  upon  the 
lound- water  flow  of  streams.  The  stream  with  a  eatehment  area 
wholly  or  largely  in  forests  will  show,  without  exeeption,  a  much  Ijet- 
&r  ground  flow  than  one  with  the  area  denuded  of  forests.  Nesham- 
V  and  Tohickon  creeks  may  be  cited  as  streams  with  the  smallest 
Qiount  of  forest  and  the  lowest  curve  of  ground-water  flow.  Pos- 
^Wy  this  is  not  entirely  due  to  forests,  but  it  may  be  assumed  that 
'^cybear  some  ivlation  to  the  result.'' 


"Sxamples  of  ifronnd-wator  rurvcH  for  tho  vhivt  HtrtoaiuH  horohi  «*onHid«irocl  may  1>»»  found  in 
'•  Vermenle'8  report  on  the  flow  of  Htreams,  t»to.,  in  Final  Ropt.  State  Geolofiriflt  of  New  Jer- 
*»iVoLin.    TreDton,lfm. 
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UNITS  OF  MEASUREMENT. 

Clemens  Hersehel,  member  American  Society  Civil  Engineers,  in 
his  pai>er  on  Measuring  Water,'*  has  defined  the  essential  elements  of 
this  ([iiestion  in  tho  following  terms: 

For  mo6t  puri^oses  the  unit  of  volniue,  when  using  English  measnres,  has  been 
agreed  upon  in  favor  of  the  cubic  foot,  and  the  nations  of  the  earth  being  fortu- 
nately agreed  upon  their  measnres  of  time,  have  settled  nxK>n  one  second  of  time 
as  the  unit  to  nse  in  measuring  water.  Nevertheless,  the  million  United  States 
gallons  in  twenty-four  hours  has  bec^ome  a  standard  for  city  water  supply  jwio- 
tice  in  the  United  States,  and  an  acre  in  area  levered  an  inch  or  a  foot  deep  in  i 
month  or  in  a  year  is  used  in  irrigation  piticrtice.  But  I  would  warn  all  engineen 
to  be  very  slow  to  add  to  the  number  of  such  standards  of  measure  for  flowing 
water,  and  to  alwtaiu  from  and  frown  down  such  absurd  standards  as  cubic  yaids 
per  day,  or  tons  weight  of  water  per  day,  or  even  cubic  feet  per  minute  (instead 
of  second) ,  and  other  incongruities.  ♦  ♦  ♦  As  exercises  in  the  art  of  arithme- 
tic for  children  such  comi)utations  may  have  value,  but  in  the  work  of  civil  engi- 
neers they  become  a  stumbling  bl(x^k  to  an  advance  of  knowledge,  and  wbOe 
unduly  magnifying  the  luiessentials  they  indicate  a  deplorable  lack  of  apprecia- 
tion of  the  essentials  of  the  art  of  the  civil  engineer. 

Cubic  measures  do  well  enough  for  the  contents  of  vessels,  or  as  we  may  expresB 
it,  for  dealing  with  the  science  of  hydrostatics.  But  so  soon  as  the  water  to  be 
measured  is  in  motion,  or  so  soon  as  the  science  of  hydraulics  has  been  entered 
upon,  we  must  get  clearly  in  our  minds  the  idea  of  rates  of  flow,  or  of  a  proces- 
sion of  such  cubic  volumes  passing  a  given  point  in  a  certain  unit  of  time,  as  of  i 
flow  of  so  many  cubic  feet  per  second. 

Very  little  can  be  added  to  what  Mr.  Herschel  has  here  said.  It  is 
a  clear  exi)osition  of  the  whole  subject.  Such  units  as  cubic  feet  per 
day  and  cubic  miles  have  clearly  no  place  in  a  modem  paper  on 
hydrology. 

The  unit  of  inches  on  the  catchment  area  may,  however,  be  pointed 
out  as  an  exception  to  the  foregoing  general  rule.  This  unit  ifl 
exceedingly  convenient  because  it  admits  of  expressing  rainfall  and 
run-off  in  the*  same  unit  and  without  reference  to  the  area.  It  brings 
out  a  number  of  relations  not  otherwise  easily  shown,  as  will  be  exhib- 
ited in  discussing  the  tables  accompanying  this  paper. 

MTNIMITM    FLOW   OF   STREAMS. 

Very  little  can  be  added  to  our  knowledge  of  the  minimum  flow  oi 
streams  beyond  what  has  already  been  stated  in  Water  Supply  and 
Irrigati(m  Paper  No.  24,  Water  Resourc(\s  of  the  Stat/e  of  New  Yorlc? 
Part  I,  whicli  applies  particularly  to  streams  in  the  State  of  Nei'*' 
York.  Summarizing  the  infornuiticm  there  given,  we  may  say  that 
for  streams  issuing  from  regions  of  heavy,  compact  soil,  mostly 
deforested,  the  extreme  minimums  are  likely  to  run  as  low  as  0.1  of  « 
cubic  foot  per  square  mile  per  second.  They  may  even  in  an  extreme 
drought  go  as  low  as  0.05  of  a  cubic  foot  per  square  mile  per  second. 

n  Meamirini;  Wator,  by  (Semens  Herac^hel;  An  addrem  to  Uie  studentn  of  Rensselaer  Polytedi- 
nie  Institute,  Troy,  N.  Y. 
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Oswego  River,  by  reason  of  large  lake  i>oiidage,  lias  a  iiiiuiiiium  flow  of 
about  0.3  of  a  cubic*  fool  per  square  mile  i^er  second.  For  a  similar 
leason  the  Upper  Hudson  will  not  usually  ^o  less  than  0.3  of  a  cubic 
foot  per  square  mile  per  second,  although  in  the  summer  of  1899  it 
probably  did  not  exceed  0.2  of  a  cubic  foot  per  square  mile  per  second. 
This,  however,  was  unusual,  l^e  streams  of  Long  Island,  issuing 
from  sand  plains,  may  be  expected  to  give  minimum  flows  of  from  0.5 
to  0.6  of  a  cubic  foot  per  square  mile  per  second.  The  streams  of  the 
northern  part  of  New  York,  issuing  from  denser  forests  than  the 
oQiers,  also  give  minimum  yields  sf>mewhat  in  excess  of  0.3  of  a  cubic 
foot  i)er  square  mile  per  second.  The  streams  tributary  to  Mohawk 
Biyer,  on  the  south  side  of  the  valley,  will  give  minimum  flows  of  not 
more  than  one-half  of  what  the  streams  tributary  on  the  north  side 
give.  As  to  the  streams  of  the  far  West,  many  of  them  are  fre- 
:  ^nently  dry  for  several  months  at  a  time.  A  typical  stream  of  this 
:  diaracter  is  the  Platte  River,  with  a  catchment  area  at  Columbus, 
[  Hebr.,  of  56,867  square  miles.^ 

CHARACTERISTICS  OF  THE  MINIMUM  RUN-OFF. 


Since  the  rainfall  varies  so  widely,  the  run-off,  which  is  a  function 
ti  tike  rainfall,  will  also  vary  widely.  On  the  Hudson  River  the  max- 
imum run-off  of  33.08  inches,  with  a  rainfall  of  53.87  inches,  occurred 
in  1892.  The  minimum,  with  a  run-off  of  17.46  inches  and  a  rainfall 
jt  36.37  inches,  occurred  in  1895.  On  the  Grenesee  River  the  observed 
■jxlinum  rainfall  of  47.79  inches,  with  a  run-off  of  19.38  inches, 
oeemred  in  1894.*  The  minimum  rainfall  of  31  inches,  with  a  mini- 
inui  run-off  of  6.67  inches,  occurred  in  1895.  These  figures  of  rain- 
;  fid!  indicate  that  either  the  extreme  maximum  or  the  extreme  minimum 
ahiftill  has  not  yet  occurred  on  the  catchment  area  of  this  stream. 

On  the  Muskingum  River  the  maximum  rainfall  thus  far  observed 
iB56.97  inches,  with  a  maximum  run-off  of  26.84  inches,  which  occurred 
1111890.  The  observed  minimum  rainfall  of  29.84  inches,  with  the 
MNresponding  minimum  run-off  of  4.0  inches,  occurred  in  1895.  It  is 
•ho  doubtful  if  either  the  extreme  maximum  or  the  extreme  minimum 
Hinfall  has  been  yet  observed  on  the  catchment  area  of  this  stream. 
ii  to  whether  the  rainfall  will  ^o  lower  there  is  no  certain  way  of 
lotonnining.  Moreover,  4.9  inches  Keems  a  very  low  run-off — and  the 
^Wi-off  is  not  likely  to  Ije  less  than  this  figure.  However,  the  run-off 
lb  any  year  depends  very  largely  on  the  rainfall  of  the  months  from 

f-  'VW u  eztenalTB  list  of  KtreamM  of  which  the  maximum  and  minimum  Aowh  an*  Ki^'^*">  the 
■fcwliig  mmj  be  oonsulted  : 

(1)  Wftter  Power  of  the  United  Staten,  Tenth  CenHtm.  Vol.  I,  pp.  XXVIII  and  XXIX. 

W  Twentieth  Ann.  Eept.  U.  8.  Gwl.  Survey,  Part  IV,  HydroKraphy,  pp.  4(MB. 

^  Beport  on  water  supply,  water  power,  the  flow  of  Htreanm  and  attendant  phenomena,  by 
^^■■•IhMC.  Vermenle:  Final  Report  State  (*eolo>dst  of  New  Jersey,  Vol.  III. 

^h  the  combined  Gtonesee  River  and  ( Hitka  Cnn'k  re('<>rd  the  maximum  run-off  f>f  HlJSi  inches 
•"■n^d  In  IflBO,  when  the  rainfall  l«  placed  at  47.54  m<rheH,  This,  hr>wever,  is  lew  reliahh*  than 
^itiaMlaad  mn-off  <>f  IMM,  which  latter  is  afxrordinKly  tsiv^m  t\i«»  vT«t.viT«»\wci&. 
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December  U>  May,  inclusive.     There  may  possibly  be,  therefore, 
lower  annual  run-ofT  than  4.!)  inches,  even  though  the  total  rainfa 
should   exceed   29.84   inches.      The  rainfall   for  December  to  Maj 
inclusive,  was  13.04  inches.      The  run-off  for  that  period  was  4.0 
inches. 

DIVISION   OF  STREAMS  INTO  CLASSES. 

The  foi-egoing  statements  indicate  that,  as  regards  run-off,  stream 
of  the  eastern  part  of  the  United  States  may  be  divided  into  classes 
In  the  first  class  will  fall  streams  where  the  maximum  rainfall  is  froi 
50  to  60  inches,  with  corresponding  run-off  somewhat  more  than  on( 
half  of  the  rainfall.  The  minimum  run-off  will  be  about  one-half  th 
rainfall,  or  a  little  less.  These  st^itements,  it  may  be  again  repeatec 
are  general  ones,  to  which  there  are  excej^tions. 

Another  class  of  streams,  of  which  the  Genesee  and  Muskingiu 
rivers  are  typical,  are  those  with  maximum  rainfall  on  their  catcl 
ments  of  40  to  50  incfhes  and  with  corresponding  run-off  somewha 
less  than  one-half  the  rainfall.  The  minimum  run-off  for  these  stream 
is  from  one-fourth  to  one-sixth  of  the  corresponding  rainfall,  or  froi 
about  10  per  cent  to  25  per  cent. 

A  further  class,  the  far  Western  streams,  may  be  mentioned,  i 
which  the  run-off  is  only  a  very  small  percentage  of  the  rainfall,  i 
some  cases  not  more  than  4  per  cent  to  5  per  cent,  or  at  times  eve 
less.  Probably  comprehensive  study  would  further  subdivide  thes 
streams,  but  the  intention  at  present  is  to  merely  call  attention  t 
some  of  the  more  marked  peculiarities  as  a  basis  for  final  detaile 
stndy. 

If  one  takes  the  streams  of  the  far  West,  as,  for  instance,  Lou 
River,  in  Nebraska,  with  a  catchment  area  of  13,542  square  milei 
where  the  rainfall  in  1894,  observed  at  24  stations,  was,  on  an  averag< 
only  12.84  inches  and  the  run-off  of  the  stream  did  not  much  exceed 
inch,  he  will  find  entirely  different  conditions  from  those  above  statec 
In  many  cases  streams  in  that  locality  run  much  less  than  1  incl 
For  instance,  the  South  Platte,  at  Denver,  Colo.,  in  1896,  with  a  rail 
fall  of  11.84  inches,  ran  0.62  inch.  The  catchment  area  at  this  plac 
is  3,840  square  miles.  At  Orchard,  Colo.,  the  South  Platte,  in  189^ 
with  a  rainfall  of  about  17  inches,  ran  0.9  inch.  The  catchment  are 
at  this  place  is  12,260  square  miles.  The  Republican  River,  at  June 
tion,  Nebr.,  with  a  rainfall  of  about  26  to  28  inches,  in  1898,  ran  0.3 
inch.     The  catchment  here  is  25,837  square  miles  in  extent. 

The  foregoing  statements  indicate  the  essential  truth  of  the  propc 
sition  already  announced  that,  broadly,  each  stream  is  a  law  unt 
itself.  Any  formula,  for  either  maximum,  average,  or  mean  rmi-ofl 
which  does  not  take  this  into  account  is  incomplet-e. 

ESTIMATION   OF  RUNOFF   FROM   RAINFALL  DIAGRAMS. 

Can  rnn-off  of  streams  be  estimated  tTom  d\a?:rams  of  monthly  rain 
'^  U?    The  writer  has  spent  conRideraVAe  V\\xv^  o\\  Wx^  ^x^J^J^^sj^m^^o^ 
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arriving  at  any  very  Hatisfactory  conclusion.  For  some  niontJis  such 
adiai^rani  may  be  made  to  tit  quiU*  closely,  wliile  for  others  differ- 
ences of  as  much  as  2  or  3  inches  appear.  The  conclusion  of  the 
writer  is,  therefore,  that  such  diagrams  are  at  the  best  crude  approxi- 
mations. Such  study  is,  however,  very  fascinating,  and  it  is  not  sur- 
prising that  different  hydrologists  have  att^mptcHl  at  various  times  its 
solution.  Two  lines  of  work  may  ])e  mentioned.  One  is,  by  a  com- 
bination of  a  large  number  of  streams  and  their  rainfall,  to  attempt 
to  produce  a  universal  formula.  This,  however,  as  has  teen  already 
shown,  leads  to  what  is,  in  effe(*t,  a  hodgepodge.  Averages  so  applied 
"bring  out  class  likenesses,  to  the  exclusion  of  individual  features." 
The  other  method  is  to  plat  rainfall  and  run-off  appearing  monthly 
in  inches,  as  abscissas  and  ordinates,  respectively,  and  in  this  wa}'  to 
preserve  the  individual  peculiarities  of  each  strt^am.  In  some  respects 
fte  most  satisfactory'  way  is  to  plat  the  rainfall  and  run-off  of  the 
storage,  growing,  and  replenishing  ])ericMls,  thus  grouping  similar 
eharaeteristics. 

STORACJE   IN    LAKES. 

The  run-off  of  i  stream  is  very  materially  influenced  by  the  numl)er 
of  lakes  within  its  catchment  area.  If  thei'e  are  manj',  flood  flows 
Dmy  be  expected  to  be  very  much  smaller  than  they  otherwise  would 
be.  The  temporary  pondages  in  the  lakes  is  the  cause  of  this.  The 
Oswego  River  is  a  stream  of  this  character.  This  stream  has  a  t/otal 
catchment  area  of  5,002  square  miles,  with  something  like  530  square 
wiles  of  area  of  water  surfaces — lakes,  flats,  and  marshes.  It  appears, 
therefore,  that  the  total  area  of  water  surfaces,  flats,  and  marshes  is 
ibout  10.6  per  cent  of  the  whole.  The  following  lakes,  ponds,  and 
iQarshesare  included  in  this  catchment  area:  Canandaigua,  Keuka, 
Seneca,  Cayuga,  Owasco,  Skaneateh^s,  Otisco,  Cross,  Onandaga,  Caze- 
iU)via,  Oneida,  and  Montezuma  Marsh,  together  with  a  considerable 
dumber  of  miscellaneous  small  i)onds  and  broad  flat  vallej-s. 

To  illustrate  how  these  great  natural  reservoirs  tend  to  prevent 
floods  it  may  be  mentioned  that  the  conflgu ration  of  Cayuga  outlet, 
^Ui  relation  to  Clyde  River,  is  sucli  that  frequently  when  there  ai-e 
heavy  rainfalls  in  the  catchment  area  of  Clyde  River  the  entire  flood 
flow  of  Clyde  River  is  discharged  into  Cayuga  Lake,  without  affecting 
Seneca  River  below  the  mouth  of  Clydc^  River  at  all.  It  is  undoubt- 
^lydue  to  this  fact  that  fall  floods  on  Oswego  River  are  almost 
entirely  unknown. 

The  evaporation  of  Oswego  River  catchment  area  is  exceedingly 
^fge— about  28  inches — whence  it  results  that  the  run-off  from  a 
'^n  annual  rainfall  of  from  30  to  37  inches  does  not  exceed  about 
^  or  10  inches.  Owing  to  the*  largt*  lake  pondage  the  flood  flows  of 
^18  stream  do  not  often  exceed  about  0  cubic  feet  per  squar<»  mile  per 
8econd.« 


•Betraport  to  the  United  StateH  B*«rd  «»f  Entaneorw  on  Dei^p  "WiAtorw^i-VH  tw  vmAjsvA'^^  ^^shr 
"■fcBao  O§W0go  River. 
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COMPrTATION  OF  ANNUAL  RUN-OFF. 

No  general  rule  can  bo  formulated  for  eomputiiig  annual  run-off. 
The  formulas  of  Mr.  Vermeule  are  excellent  formulas  of  .the  purely 
empirical  class,  applying  fairly  well  to  many  streams  in  the  north- 
east4»rn  part  of  the  United  States,  but  they  do  not  ftpply  at  all  to 
streams  of  the  Middle  West  and  Far  West.  Nor  do  they  apply  to 
some  streams  in  the  northeastern  section.  Nevertheless,  they  take 
into  account  the  ground  water,  and  are  the  most  useful  formulas  thus 
far  devised.  It  may  be  mentioned  that  Mr.  Vermeule  especially  dis- 
claims any  intention  of  working  out  any  formulas  applying  outside  of 
the  State  of  New  Jersey.  His  general  formula  is  in  the  nature  of » 
suggestion. 

DISCREPANCIES  IN   COMPUTATION  OF  RUN-OFF. 

In  (computing  the  run-off  of  various  streams  small  discrepancies 
will  continually  appear,  and  when  such  do  not  exceed  1  to  2  inches 
they  are  outside  the  limit  of  discussion.  The  question  does  nol 
admit  of  such  minuteness  as  to  permit  the  discussion  of  small  dif- 
ferences, although  a  difference  of  2  inches  on  several  thousand  square 
miles  would  be  much  more  serious  than  on  the  usual  municipal  catch- 
ment ar(»a  of  from  20  to  1(K)  square  miles.  The  size  of  the  catchment 
area  should,  therefore,  in  this  particular  be  taiken  into  account. 

Moreover,  the  run-off  of  streams  has  thus  far  been  almost  univer- 
sally overestimated.  Only  a  few  are  really  down  to  the  actual  fact- 
rro]>al)ly  in  no  department  of  i>rofessional  work  are  there  more  things 
to  1)0  taken  into  account  than  here. 

ACTUAL   (iACJINCiS    PREFRRABLK   TO   GENERAL   STUDIES. 

While  on  the  general  subjec^t  of  the  computation  of  run-off  tln^ 
writer  may  repeat  what  he  has  said  in  his  report  to  the  United  Stat^** 
Hoard  of  Engineers  on  Deep  Waterways,  viz: 

The  cliita  for  estiiuatiiig  the  water  supply  of  a  large  canal.  e8X)ecially  when  oi».  ^ 
larg(i  scale,  should  l)e  ])ased.  wlieii  such  data  are  available,  upon  actual  gaging* 
of  streams,  rather  than  on  general  considerations  derived  from  study  of  the  raix*' 
fall  alone.  An  examination  of  a  large  number  of  estimates  of  canal  water  sti%^ 
lilies.  Inised  on  tlie  usual  method,  shows  that  rainfall  data  alone  are  in  close  cas^^ 
inadequate  for  solving  a  water-supply  problem  of  the  magnitude  of  the  one  no'^ 
under  consideration.  When,  however,  actual  gagings  of  the  streams,  extenditJ^ 
over  a  suffici(»nt  numher  of  years,  are  available,  tliere  is  no  reason  why  a  watet"- 
sujiply  problem  on  a  large  scale  may  not  he  worked  out  with  the  precision  of  ^ 
proposition  in  mathemati(^s. 

What/  is  here*  said  in  regard  to  water  supples  for  c^anals  is  equally 
true  as  regards  all  other  water  supplies,  either  municipal  or  for 
wat^r  power,  etc.     Further  on  in  the  same  chapt-er  it  is  stated  : 

It  is  not  intended  to  say,  however,  that  rainfall  data  are  not  of  use  in  a  hydro- 
lo^c  (UBcnafdon.     When,  aa  in  the  present  ciw««,  in  tulditiou  to  stream  gagings  an 
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»rie6  of  snch  data  are  available,  the  argument  is  made  doubly  good  and 
tration  strengthened. 

•ecords  of  gagingH  are  available  the  computation  becomes 
le.  It  is  merely  a  matter  of  simple  addition  and  siibstraetion. 
nplete  data  required  in  order  to  compute  the  safe  possible 

stream  are  as  follows : 
catchment  area. 

rainfall  of  the  minimum  year,  as  well  as  for  a  series  of 

ound-water  diagram  of  the  stream  or,  lacking  such,  a  dia- 
a  neighboring  stream  lying  in  the  same  or  a  similar  geo- 
nation,  and,  so  far  as  possible,  with  similar  conditions  of 
n. 

available  storage  capacity  of  the  stream, 
loss  by  water  surface  evaporation  from  the  reservoirs, 
ivith  an  estimate  of  the  loss  by  percolation, 
ta  required  for  ordinary  computations  may  be  frequently 
the  totals  of  the  storage,  growing,  and  replenishing  periods, 
when  ground  water  is  to  be  taken  into  account  the  monthly 
Id  be  given.  The  accompanying  tables,  Nos.  1  to  12,  indu- 
es 85-98),  illustrate  how  such  information  may  be  placed  in 
3onvenient  use. 

FORMULAS   FOR  RUN-OFF. 

nsk  of  being  considered  somewhat  elementary  the  writer  will 
lore  important  of  the  formulas  for  run-off,  expressed  in  terms 
on  the  catchment  area. 

??XQX8G400X12 
*'""■   Ax  040X43500  ^^^ 


ve  deduce, 


T       //XQxC, 


I.=''f'  .  (7) 


I>=1  (8) 

ijfe  gallons  per  <lay  into  inches  por  month  wo  have: 

I,„=„X(iX(\,  (9) 


'/(XC~ 


<^=  -'-i^-  (10) 
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Ill  tlu'  ri?|M>iis  of  \\w  I'liiled  Slati*8 Geological  Survey,  the disi'harge 
of  streams  is  s<»iiietiiiies  given  in  a<'re-feet  \}er  month.  To  reiLuee  such 
to  inches  {h^v  month,  we  have,  when  total  acre-feet  are  given, 

im—       j^    -•  (11) 

In  these*  formulas, 

A=area  of  catchment  in  squan^  miles. 
B= total  a<*re-feet  {h^v  month. 
I)=cubic  feet  p<»r  second  i)er  squan^  mile. 
G==gallon6  i)er  day. 

In,=inches  in  depth  per  month  on  the  catchment  area. 
Iy= inches  in  depth  per  year  on  the  catchment  ar<»a. 
;/=numlM»r  of  days  per  month. 

(J=eubic  fei4  per  second  flowing  from  the  catchment  area,  as<let<^r- 
min(»<l  l)y  gagings. 


C,=con8tant=(^^.^^^^^.^.^.^J. 
C,=constant=(     ,^,,^^35,0     } 

C,=constant=(^j^^. 


The  constants,  C,,  Cj,  C3,  and  C^,  are  left  in  form  for  logarithmic 
computation.  For  a  given  case,  catchment  ai*ea  is  constant,  and  A, 
in  the  final  logarithmic  form,  will  be  combined  with  these. 

MAXIMUM   DISCHARGE   FORMUX.A. 

A  considerable  number  of  such  formulas  have  been  worked  out,  but 
the  authors  liave  taken  into  account  so  few  of  the  controlling  condi- 
tions, that  they  are,  at  the  test,  mostly  only  crude  guides,  and  ti«' 
writer  long  ago  gave  up  their  use,  except  in  cases  where  only  the 
roughest  approximation  was  re<iiiired.  Two  exceptions  may,  how- 
ever, from  the  peculiar  form  of  the  coefficient,  be  briefly  noted,  viz« 

Dickens's  formula,  D^CVM^  and  (12) 

R>-ves\s  formula,  1)=CVM2.  (1^) 

In  these  formulas,  D=di8charge  in  cubic  feet  per  second;  C=ft 
co(»fficient,  depending  for  its  value  upon  rainfall,  soil,  topographic*^' 
slope,  elevation,  size  of  the  stream,  shape  of  the  catchment,  etc.,  »n" 
M=area  of  the  catchment  in  square  miles. 

COEFFICIENT  TABLE  FOR  REPRESENTATIVE  AREAS. 

In  MuUins's  Irrigation  Manual^  there  are  given  t^ibles  for  the  vftlo^ 
of  the  coeflicients  of  these  two  formulas,  together  with  the  correspond- 

a  Irrigation  ManuaU  by  Lieut.  Gen.  J.  lA\i\\ii»  vpvi\A\i(\M(QLloTltoAi%i^Q«w««sw8fi^ 
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ng  depth  in  inches,  drained  off  from  ilio  ^iveii  areas,  and  the  dis- 
jbarges  in  cubic  feet  per  second.  These  two  formulas  are  cited 
jecause  they  taJce  into  account  th(5  principle  of  the  sliding  coefficient, 
16  does  the  Kutter  formula,  a  principle  which,  all  things  considered, 
s  the  most  useful  thus  far  devised.  It  is  true  that  maximum  dis- 
charge formulas  have  been  devised  taking  into  account  average  sloi)e, 
iepth,  and  intensity  of  rainfall,  area  of  the  mountainous  part  of  the 
watershed  and  area  of  flat  part  of  the  same  in  square  miles,  and 
length  of  stream  from  source  to  point  of  discharge.  These  formulas, 
bwever,  also  involve  from  one  to  two  coefficients  and  become  compli- 
cated in  use  without,  it  is  believed,  any  sixicial  gain  over  the  simpler 
expressions  cited.  The  formulas  of  Di(^kens  and  Ryves,  which  com- 
prise within  the  coefficient  C  everything  included  in  the  more  compli- 
cated formulas,  were  the  foreruiinei*s  of  all  fonnulas  of  this  class. 

cooley's  formulas. 

In  an  able  paper*  Mr.  George  W.  Cooley,  C-.  E.,  gives  the  following 
formulas  for  run-off: 
For  a  watershed  without  lakes, 

F=0.844LRC.  '  (14) 

For  a  watershed  with  large  lakes  as  receiving  reservoirs, 

F=(R+  y^'  -E)  X  0.844  W.  (15) 

VV 

In  which,  F=flow  in  cubic  feet  per  second. 
R= precipitation  in  feet. 

L=:land  surface  of  watei-shed  in  scjuare  miles. 
W= Water  surface  of  n^servoirs  in  square  miles. 
E=Evaporati<)n  in  feet. 
C=Coefficient  of  available  rainfall. 

The  constant  0.844  is  equal  to  th(^  number  of  feet  in  a  square  mile 
JVided  by  the  seconds  in  a  year. 

In  these  formulas  the  sliding  coefficient  is  also  recognized.  The 
^sults,  however,  ai'e  based  on  averages,  although  it  seems  clear 
^ough  that  in  either  power  or  water  supply  works  what  is  wanted  is 
'©  minimum  run-off  for  a  yc^ar  or  a  series  of  years.  For  instance, 
'©  minimum  rainfall  at  Lake  Minnetonka  in  1880  was  only  18.30 
ches,  while  the  maximum  in  1802  was  37.00  inches,  or  a  little  more 
^U  double  the  minimum.  It  is  evident  enough  to  any  person  who 
^  gaged  streams  cxtensivi^ly  that  the  run-off  in  1880  must  have 
^«u  very  much  less  than  in  1802.  In  the  absence  of  statements  as 
the  amount  of  run-off  in  1880,  the  writer  can  only  estimate  it,  but 

'Hydrology  of  the  Lake  Minnetoukii  wutorshed,  l»y  George  W.  (>>oley,  C'.  E.:  Monthly  WoRther 
^w,  January,  1899. 


28 


RELATION    OF   RAINFALL   TO   RUN-OFF. 


[KO.JO. 


he  doubtw  if  it  were  over  10  p(*r  cent  to  12  per  cent  of  the  rainfall. 
Probably  about  2  inches  is  not  far  from  the  mark.  What  is  wanted, 
therefore,  is  a  concise  statement,  not  only  in  this  case  but  in  eveiy 
other,  of  the  run-off  of  the  year  or  series  of  years  of  minimum  rainfall. 

DANGER  OF   USING  AVERAGES. 

The  writer  has  dwelt  upon  the  foregoing  point  somewhat  because 
only  a  very  few  of  the  more  advanced  students  of  hj^drology  have 
thus  far  fully  appreciaU^d  its  importance.  A  very  large  proportion 
of  all  the  papers  and  rejwrts  prepared  in  the  last  t^n  years  have  pro- 
ceeded on  the  supposition  that  safe  deductions  could  be  made  from  an 
average  run-off.  It  is  needless  to  say  that  all  such  are,  without  excep- 
tion, erroneous.  What  is  wanted  is  a  clear  statement  of  the  minimnm, 
together  with  the  longest  period  which  such  minimum  may  be  expected 
to  occupy.  A  study  of  the  meteorological  records  of  the  State  of  New 
York  shows  that  the  minimum  period  ma}'  be  expected  frequently  to 
extend  over  three  years.  In  the  writer's  report  to  the  United  States 
Board  of  Engineers  on  Deep  Waterways,  in  the  chapter  on  the  mete- 
orology of  New  York  and  the  relation  of  precipitation  to  run-off,  a 
large  number  of  specific  cases  are  cited,  but  space  will  not  be  taken 
here  to  discuss  th(»m.  This  proposition  is  true  for  other  regions  than 
the  State  of  New  York. 

DANGER  OF  USING  PERCENTAGES. 

A  much  greater  danger  arises  from  the  use  of  percentage  of  rain- 
fall appearing  in  run-off.  In  many  reports  and  papers  it  is  assumed 
that  averages  of  a  series  of  percentages  can  be  safely  taken.  The  fol- 
lowing illustration,  with  five  cases  drawn  from  observation,  maybe 
taken  to  show  that  this  is  erroneous: 

Run -off,  per  04*11 1  of  rainfall. 
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As  a  corollary  to  tlie  pi^eeeding  proiMJHilion,  it  follows  that  the  ratio 
between  annual  rainfall  and  run-off  known  an  the  ''  run-off  coefficient 
or  factor"  is  essentially  misleading.  A  idealization  of  this  fact  has 
led  the  writer,  in  his  report  to  the  United  States  Boaini  of  Knginc^rs 
on  Deep  WaU*rways,  to  practically  expurpit*^  this  statement,  or  any- 
thing approximating  to  it,  from  his  report.  The  exprc^ssions  '*  average 
run-off "  and  "percentag<i  of  the  rainfall"  do  not  appear. 

Attention  may  also  he  again  directed  to  tlu^  fact  that  the  t.otal 
run-off  of  a  stream  in  any  given  y<mr  deixMids  very  largely  on  the 
run-off  of  what  may  be  termed  the  **  storage  period."  Usually  about 
0.75  to  0.85  of  the  total  rainfall  of  this  iHM'iod  appt^ars  as  run-off  in 
the  stream,  w^hile  for  the  summer,  or  growing  jMM'iod,  not  more  than 
ibout  0.1  of  the  rainfall  appears.  This  gr«»at  difference  is  due  to 
greater  evaporation,  as  well  as  to  the*  absorption  of  water  hy  plants 
during  this  period.  The  total  amount,  for  the  y<»ar  which  will  appear 
Mrun-off  in  the  stream  will  depc^nd,  therefore,  vc^y  largely  on  whether 
or  not  the  rainfall  of  the  storage  period — December  to  May,  inclusive — 
18 large  or  small.  If  the  winter  rainfall  is  relatively  large,  the  run-off 
mil  also  be  relatively  large,  even  though  the  total  rainfall  for  the 
year  is  small.  This  fact  must  be  taken  into  account  in  estimating 
the  value  of  streams.  Whether  any  given  stream  is  low  during  the 
summer  months  or  has  then  a  well-sustained  flow  will  depend  very 
largely  on  the  rainfall  of  the  month  of  May.  \Vh(»n  the  May  rainfall 
is  heavy  enough  to  produce  full  ground  water,  the  flow  is  likely  to  be 
well  sustained,  even  though  the  rainfall  is  (M>mi)aratively  low  during 
the  summer  months  following.  If,  on  the  contrary,  the  May  rainfall 
is  80  low  as  to  leave  a  deficiency  in  ground  water  for  that  month,  the 
flow  will  be  low  during  the  summer,  even  though  the  rainfall  is  large. 

The  foregoing  also  explains  why  for  certain  yeai*s  the  run-off  of  a 
stream  maybe  relatively  small,  even  with  rainfall  considerably  above 
the  average. 

To  more  particularly  illustrate  this,  assume  a  stream  with,  say,  6 
iiiches  of  ground-water  flow  and  further  assume  that  on  any  <!on- 
^onient  date  the  ground  water  is  practically  (lei)leted.  Under  these 
^rcumstances,  the  6  inches  of  ground  water  must  fill  u])  before  any 
^^ry  large  flow  can  occur.  On  the  other  hand,  we  may  consider  the 
Sequence  of  the  rainfall  such  as  to  leave  full  ground  water,  whence  it 
'^nlts  that  there  will  be  a  much  larger  run-otT,  even  though  rainfall 
^d  other  conditions  are  the  same. 

What  is  wanted  in  a  stream,  therefore,  is  as  large  a  ground  flow  as 
[Possible,  with  small  evaporation.  That  there  are  very  great  differ- 
ences in  streams  in  this  resi)ect  may  be  easily  seen  l)y  examining  a 
^ries  of  tables  of  stream  flow.  It  may  be  reniark^Ml  that  these  two 
^ndiiions  are  obtained  only  on  a  fon»sted  area,  for  proof  of  which 
*^  Bulletin  No.  7,  Dei)artment.  of  Agricultun*,  Forest  Influences. 
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EFFECT  OF   LOW   GROUND  WATER.      , 

Moreover,  when  rainfall  is  below  the  mean  for  several  months,  the 
ji^ound  water  may  be  expected  to  become  continuously  lower.  This 
is  a  subject  about  which  comparatively  little  is  known,  although  the 
datu  are  very  important  in  estimating  the  permanency  of  a  stream. 
Aside  from  Mr.  Vermeule's,  the  most  satisfactory  discussion  which 
the  writer  has  seen  is  that  of  Mr.  W.  S.  Auchincloss.^  This  paper, 
while  too  long  to  be  abstracted,  is  nevertheless  very  interesting, 
because  the  author  recognizes  the  limitations  of  averages.  On  page 
10,  after  giving  a  table  of  the  average  rise  of  his  sublake,  he  states: 

Since  the  table  was  bnilt  np  from  averages,  we  lunst  not  expect  it  to  emphasize 
special  variations,  for  the  grouping  of  averages  resembles  the  grouping  of  pictures 
in  composite  photography.  The  combination  invariably  brings  out  class  like- 
nesses to  the  exclusion  of  individual  features.  Thus  the  table  loses  sight  of  an 
extraordinary  year  like  1889 — full  of  plus  quantities— also  seasons  of  drought,  like 
1894  and  1895.  It,  however,  clearly  shows  that  influx  has  a  tendency  to  prevafl 
between  February  and  July,  inclusive,  and  eflSux  to  hold  the  mastery  during  the 
remaining  months  of  the  year. 

Though  this  paper  does  not  fully  recognize  the  wide  variation 
occurring  at  different  localities,  this  is  probably  not  due  to  oversight, 
but  merely  to  the  fact  that  the  author  was  discussing  a  specific  case. 
The  observations  recorded  were  made  at  Bryn  Mawr.  Pa.  -  The  paper 
is  valuable  and  well  worth  the  att<intion  of  students  of  hydrology. 

vermeule's  formulas. 

These*  formulas  are  somewhat  different  from  those  pi'eviously  con- 
sidered. Mr.  Vermeule  claims  to  have  discovered  a  relation  between 
evaporation  and  mean  annual  temperature.  For  the  relation  between 
annual  evaporation  and  annual  j)rocipitation  on  Sudbury,  Croton,  and 
Passaic  rivers  he  gives  the  following: 

E=15.5()+alG  R,  (16) 

In  which  E=the  annual  evaporation  and  R=the  annual  rainfall. 

In  the  original  publication  of  his  formula,  in  the  Report  of  the  Geo- 
logical Survey  of  New  Jersey,''  Mr.  Vermeule  allowed  for  other  catch- 
ment areas  an  increase  or  decrease  of  5  per  cent  from  values  given 
for  evaporation  on  the  Sudbury,  Croton,  and  Passaic  rivers.  The 
following  is  his  general  formula  for  all  streams: 

E  =  (15.50+().16  R)  (0.05  T-1.48)  (17) 

This,  however,  he  states  is  merely  a  suggestion.  His  purpose  is  to 
deduce  laws  which  hold  for  tlu^  State  of  New  Jersey  alone. 

In  these  formulas  the  evaporation  is  taken  to  include  all  the  vari- 
ous losses  of  water  to  which  a  catchment  area  is  subject,  including 
direct  evaporation  as  well  as  wat^r  absorbed  and  transpired  by  plant 
growth,  etc.     Hence, 

F  (run-off) =R-E.  (18) 

«  On  Waters  within  the  Eiirth  ami  I^ws  of  Rainfl(»w,  by  W.  S.  Anchincloss,  C.  E.    Phil»delphi»' 
1897. 
^Report  on  water  supply,  water  \K)weT,l\\v  ^ovr  ui  >^tr cams,  and  attendAnt  phenomeom  ^^ 
C.  C.  Vermeule:  Final  Report  State  Geo\og\»t  ol  "Nov?  3v?tv»^,No\A\\,   tTctLXra^MSH, 
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Mr.  Vermeule^ives  the  followinjjf  f(>riiinlH8  for  tin*  Sudbury,  ('rotoii, 
id  Passaic  rivers: 

Deeeiiiber-May,  K=4.l'()+().  Il>  K;  (19) 

June-Novenib(M-,  K=ll.:J()-f  ().2()  K.  (20) 

Tliese  formiil»8  take  into  a<;eount  th<^  fa<*t.  1  hat.  «»vaiM)rat  iou  is  h>w  in 
e  winter  months  and  hi^h  during  th**  suninier. 

Mr.  Veniieiile  also  pves  the  following  foniiuhi  for  computing 
mthly  evajKiration  from  the  monthly  rainfall  for  Sudbury,  Oi'oton, 
d  Passaic  catchment  areas: 

[o=>moiithly  ovHix>rHti(>u:  r    monthly  rain  fHll] 

»mber.       .  e=  0.42  j  0.10  r 

niary - e=0.27H0.t0r 

JToary    .  e=  0.30  j  0. 10  r 

rch ..  P=0.48i0.10r 

rfl : ...  e=  0.87  f  0.10  r 

y --- - .  e=  1.87  I  0.2<)r 

» .  o-  2.50:  0.25  r  ,  ^^ 

ly e=  :100  I  0.30rM-i) 

gust - e=  2.62J  0.25r 

Jtember '  .  e=  1.6:3+0.20  r 

tober .    .       e=  0.88  '  0.12  r 

fvember- e=0.66i0.l0r 

Year •  e=15.50  i  0. 16  r 

To  obtain  the  montldy  evai)oration  for  other  streams  the  n»sults 
lained  are  multiplied  by  the  followinjj:: 

(0.05  T- 1. 48.) 

In  which  T=mean  annual  tcMnperature. 

At  this  point  Mr.  Vermeule  was  eoiifront4»<l  by  the  ditheulty  of 
ound  storage.  In  regard  to  the  effect  of  this  it  may  1m»  mentioned 
It,  with  rainfall  above  the  average  continuously  for  several  years, 
Dund  water  maybe  expected  to  stand  above  its  av(M'age  height, 
Ming  to  streams  the  maximum  flow  i)ossibl(»  to  ground  water.  On 
mother  hand,  when  the  rainfall  is  below  the  average  for  a  number 
years  ground-water  flow  will  be  lower,  be(»oming  less  and  less  as 
'' rainfall  approaches  the  minimum.  It  is  very  important  that  this 
Jt  be  taken  into  account,  because  without  it  one  is  certain  to  fall 
4)  error.  The  formulas  for  average  depletion  may  be  given  as 
lows: 

^/={-f^/-'^'^.  (2;j) 

b  which  (l^  and  (/.j=depletiou  at  end  of  i)revious  month  and  for  the 
>iith  under  consideration;  (/=average  dei)letion;  e  and  /•=monthly 
operation  and  monthly  rainfall,  resjx^ctively,  and  /=(tomput<'d 
mthly  flow. 

Fhe  foregoing  <lo4's  not  fully  ex i)ress  the  use  of  these  formulas,  but 
All  that  is  wanted  at  this  time  is  an  illustration  of  metluKls,  this 
^ef  account  may  />e  doemoil  sufficient. 
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Ml*.  Verineule  gives  a  diagram  Hhowiug  ground  flow  for  the  Heveia] 
different  ntreanis  mentioned  for  a  given  depletion,  which  is  to  tM 
nned  in  conjunction  with  the  foregoing  formulas.  In  his  opinion  thi 
diagrams  present  advantage's  over  a  ground-flow  formula  with  varyinj 
constants  and  coeflicientw  for  different  streams,  being  more  readiij 
compare<l  and  insuring  great-er  accurac^y.  Later,  in  his  report  (H 
forests,"  Mr.  Vermeule  modifies  his  formula,  as  follows: 

K=(11+0.29R)  M.  (24 

In  which  E=evai)orati(>n,  U=rainfall,  and  M  is  a  factor  dependini 
upon  the  mean  temperatun*  of  the  atmosphere.  The  writer  under 
stands  Mr.  Vermeule  to  say  that  this  is  also  an  expi-ession  for  annua 
evaporation. 

Values  of  M  for  given  mean  annual  temperatures  are  as  follou-s: 

40",  0.77;  41,  ().7!i;  42  ,  0.82;  43',  0.H5;  44%  0.88;  45%  0.91;  46° 
0.94;  47%  0.97;  4S%  1;  49%  l.O.'J;  50%  1.07;  51%  1.10;  52%  1.14;  53° 
1.18;  54%  1.22;  55%  1.20;  5(;%  l.:^0;  57%  1.34;  58%  1.39;  59%  1.43;  60° 
1.47;  1)1%  1.51. 

In  a  table  on  page  149  of  the  Rei)ort  cm  Forests  Mr.  Vermeule  com 
pares  observed  annual  evajK) ration  with  comput-ed  annual  evapora 
tion.     The  following  are  some  of  the  differences  which  appear: 

On  th<»  (4ejnesee  Riv(»r  the  o])served  annual  evaporation  is  27. 
inches;  computed  annual  evaporation,  20.6  inches;  the  observe" 
annual  evaporation,  therefore,  is  0.6  inches,  or  32  per  cent,  greate 
than  the  estimated  anniml  evai>oration.  On  the  Musconetcong  Rive 
the  observed,  as  (compared  with  the  computed  evaporation,  is  13  pe 
cent  less;  on  the  Pe([uest  it  is  17  per  cent  less;  on  the  Paulinskill  Hi 
14  i)er  cent  less;  on  the  Tohickon,  32  i>er  cent  less;  on  the  Neshan 
iny,  16  per  cent  less;  on  the  Perkiomen,  17  per  cent  less;  on  th 
Desplaines,  21  i>er  cent  greater;  on  the  Kansas,  15  per  cent  greatei 
on  the  l"pi)er  Hudson,  10  per  cent  greater;  on  Hemlock  Lake,  18  pf 
cent  less;  on  the  Potomac,  17  per  cent  less;  on  the  Savannah,  13  pi 
cent  less.  For  the  rest  of  the  streams  cited  in  the  table  the  agreemen 
is  closer  than  this. 

The  observed  annual  evai)oration  is  32  per  cent  greater  than  th 
computed  annual  evaporation  on  the  (.Tcnesee  River  and  32  per  cei 
less  on  Tohickon  Creek — a  range  of  64  per  cent.  Somewhat  similf 
differences  are  found  on  other  streams  where  the  gagings  are  approx 
mately  right.  As  to  the  gagings  referred  to  in  the  report  on  forest 
the  writer  will  show  farther  on  in  this  paper  that  gagings  of  Gren 
see  and  Hudson  rivers  are,  on  the  whole,  probably  the  best  thi 
far  made  in  the  United  States.  Tohickon,  Neshaminy,  and  Perki 
men  creeks  have  been  gaged  by  Francis  weirs,  and  are,  with  tl 
exception  of  Tohickon,  considered  approximately  right.  The  dil 
culty  here  is  probably  in  the  flood  flows.     The  writer  understan 


aBeport  on  forests,  by  C.  C.  Vermeale:  Ann.  Rept.  State  Geologist  New  Jersey  for  yenir  \> 
Trenton,  1900. 
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Mr.  Vermeule  used  the  Fraiifis  formula  for  a  sharp-crested  woir. 

he  gagings  of  Sudbur3%  Cochituate,  and  Mystic  rivers  have  been 
laced,  it  is  believed,  l)y  Mr.  Francis's  formula  for  the  Merrimac 
■.  As  to  Desplaines  River,  a  discharjuje  curve  det^ermi ned  by  cur- 
it  meter  has,  it  is  believed,  been  applied/'    The  English  streams 

Aed,  Lea,  Wandle,  Thames,  etc.,  have  probably  been  gaged  by  a 

hup-erested  weir,  and  the  othei's  mostly  by  the  current  meter  and  a 

■ting  table. 

RUSSELI/S    FORMULAS. 

Mr.  Thomas  Russell''  gives  the  following  formulas  for  the  run-off 
t  the  Ohio,  Upper  Mississippi,  and  Upper  and  Mid<lle  Missouri  val- 
in  terms  of  the  annual  rainfall.     For  the  Ohio  River  the  formula 
M  follows: 

(>=0.000+0.()5  R— O.IK)  R  (0.!»7r)  r— 0.4lM  t  '-+^)A'yli\  (  •»).        (25) 
For  the  l/^jiper  Mississippi  it  is: 

O=().50-h0.J)3  R— o.ss  R  (i.i:n  r-o.;js:{  e^).  (20) 

For  the  Upper  and  Middle  Missouri  it  is: 

0=0.12+0.08  R— 0.03  R  (0.01  r-0.22O  r  •'•+o.(M)!)  r^).  (27) 

In  these  formulas  R  is  the  rainfall  for  the  month  in  <nibie  miles; 

ii  the  quantity  of  water  required  to  saturate  the  air  at  anytime, 
il  to  the  difference  between  what  the  air  contains  and  the  amount 

it  was  saturated;  and  O  is  the  outflow  or  run-olT. 

These  formulas  are  interesting  in  the  present  connection,  because 
'recognize  the  faet  that  (»v(»ry  stream  must  hav«^  its  own  formula. 
variation  in  run-off  on  th<»  Ohio,  Mississippi,  and  Missouri  rivers 
be  observed  on  insiM»ction  of  the  formulas.  Lik(^  all  formulas  of 
class  they  are  subject  to  <*oiisiderable  variation.     In  tlu»  month 

October,  18H1,  the  computed  outflow  of  Missouri  Riv(»r  was  4.0  cubic 
and  the  observed  flow  was  1.0  cubic  miles,  a  difference  of  -J. 3 

ihio  miles. 

RUHON     BETWEEN     CATCHMENT     AREA     AND     MAXIMUM,    MINIMUM, 
AND   MEAN   RUN-OFF. 

It  is  quite  common  for  hydrologists  to  assume  that  there  is  a  rela- 

between  catchment   area  and  maximum,  minimum,  and  mean 

li-Off,  the  general  proposition  being  that  mean  annual  run-off  varies 

(Venely  as  the  size  of  the  catchment,  and  that  maximum  run-ofl*,  or 

>od  flow,  varies  directly  as  the  size  of  the  catchment. 

F  In  order  to  gain  some  idea  as  to  the  applicability  of  ihis  i)roposition, 

|krfaoui6  of  discharge  data,  in  the  Twentieth  Annual  Report  of  the 


\  perteining  to  rainfall  and  stronm  flow,  by  Thomiw*  T.  Johnaton:  Jour.  West^'m  Soc. 
^gn.,  YoL  I.  No.  8,  June,  1896. 

*Batnftin  and  river  outflow  in  th(>  MissisHippi  Valley,  by  Thomas  Husm^ll:  Ann.  Rejit.  (!hic£ 
dMl  OOoer  for  the  year  18s9,  Part  I,  Appendix  14. 
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Tnited  States  (.Teoloj^ical  Survey,  ]Miges  4<>-04,  has  been  examined. 
This  table  includes  about  225  streams  in  various  portions  of  the  United 
States,  with  records  ranging  from  18  to  20  years  in  length  to  1  year 
A  few  of  the  best-known  streams — as,  for  instance,  the  Croton  anc 
Sudbury — are  not  given  in  detail,  although  the  large  number  incliidec 
in  this  table,  it  is  Indieved,  is  sufficient  to  settle  definitely  this  que» 
tioii.     Only  a  very  few  of  the  results  will  lie  referred  to  here. 

Ill  th<»  first  place,  it  ai)iH*ai-s  certain  that  withe<iual  rain  fall  there  ii 
no  v(»i*y  definite  relation  l)etween  size  of  catchment  area  and  raeai 
annual  run-off.  For  instance,  the  Kennebec,  at  Waterville,  Me. 
with  a  catchment  area  of  4,410  square  miles,  has  a  mean  annual  run 
off  for  G  years  of  22.4  inches.  The  Cobboss<»ocontee,  at  Gardiner,  Me. 
with  a  catchment  area  of  230  square  miles,  has  a  mean  annual  run-ol 
for  0  years  of  IS.o  inches.  Th<»  Androscoggin,  at  Humford  Falls,  Me. 
witli  a  catchment  an»a  of  2,220  s<iuare  miles,  has  for  G  years  a  meai 
annual  run-oflT  of  24.2  inches.  The  I*resumpscot,  iit  Sebago  Lake 
Me,  with  a  catchment  of  47(»  s<iuare  miles,  Inus  a  mean  annual  run 
oft  for  11  years  of  21  inches.  The  Merrimac,  at  I^wi-enee,  Mass. 
with  a  catchment  an^a  of  4,05.3  scjuare  miles,  has  a  mean  annual  ran 
ofl"  for  i»  years  of  21. '3  inches.  Asi<le  from  the  Androscoggin  Rivei 
thes<^  ^Vi'  stn»ams  support  the  ])r()position  that  the  run-off  varies  in 
some  degree  directly  a.s  the  draijiage  area  insteml  of  inversely. 

As  to  the  maximum  run-off,  or  flood  flow,  there  is  apparently  some 
slight  relation,  although  even  this  is  less  definite  than  hjis  usually 
])een  assume<l. 

As  to  minimum  run-off,  there  is  apparently  no  relation,  extremely 
small  flows  happening  on  large  sti'eams  as  well  as  on  the  smallest 
There  is,  however,  much  more  definitely  a  n^lation  betweiMi  the  run- 
off and  the  rainfall,  run-off  inci'easing  as  rainfall  increases,  and 
ccm  verse  ly. 

As  regards  the  division  of  streams  into  classes  in  proportion  to  size 
of  catchment  area,  it  appears^  ther(»fore,  that  aside  from  maximum 
run-off  one  is  not,  on  i>res(»nt  information,  justified  in  such  classi- 
fication, and  even  in  cases  of  flood  flow  it  is  quite  probable  that 
there  are  other  considerations  of  such  importance  as  to  render  a  clas- 
sification of  this  character  inexpedient. 

In  the  rivers  for  whicli  data  are  given  in  this  paper  the  catchment 
areas  vary  from  18.!)  square  miles  for  Lake  C-ochituate  to  10, 234  square 
miles  for  the  Conn(»cticut  River.  Since  there  is  no  very  definite 
relation  l>etwi»en  size  of  catchment  and  run-off  there  is  no  reason 
why  the  comparison  may  not  be  made  of  streams  having  such  larg^ 
difference  in  size  of  catchment.  For  some  streams — a«,  for  instance, 
Pequannock  River — where  the  slopes  are  very  steep,  the  run-off  is 
somewhat  higher  than  it  would  be  with  other  conditions  the  same,  but 
with  flatter  slopes.  But  g(»nerally  the  degree  of  forestation  and  other 
elements  exercise  so  much  more  important  an  influence  that  a  com- 
panion, without  I'egavd  to  size  o^  e\v\e\\iu^w\  ^T<?^v\^may  l>e  legitimat^l}' 
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made.     Nevertheless,  this  proposition  is  i)ossibly  delmtable,  and  for 
the  present  the  conclusions  drawn  are  tentative  merely. 

THE  EXTREME   LOW-WATER  PERIOD. 

In  the  discussion  of  Tables  Nos.  1-12,  inclusive,  the  writer  has  given 
the  low  water  of  the  minimum  year,  but  this  does  not  usually  include 
the  extreme  low- water  period,  which  is  in  almost  every  case  much 
more  than  one  year.  Space  will  not  betaken  to  show  the  extn»m<» 
W-water  periods  of  all  these  tables.  It  is  considerf»d  tliat  illustra- 
tions from  Muskingum  and  Genesee  rivei*s  ar«»  sufficient.  This  infor- 
mation is  jsriven  in  Tables  Xos.  14  and  15. 

On  the  Muskingum  River  three  low-water  peri<Mls  have  occurred 
during  the  time  covered  by  the  gagings.  The  first  was  from  Decem- 
her,  1887,  to  November,  ISS!),  inclusive,  a  i)cri(Kl  of  twenty-four 
months,  during  which  the  total  run-off  was  IH.oo  inches,  or  if  we 
ttBume  a  reservoir  on  said  8tn»ain  of  20  square  miles  water  surface, 
the  total  net  run-off  lx»comes  IS.  15  inches.  Tlu*  eomputations  of 
evaporation,  etc.,  for  such  a  reservoir,  neglecting  variation  in  water 
sarfacCy  are  as  follows.  Assume  an  annual  evaporation  of  40  inches 
Mil  with  distribution  for  the  several  months  as  per  column  1  in  the 
following  table.  Since  the  wat<»r  surface  area  is  20  s([uare  miles,  it 
becomes  20/5828  of  the  whole,  or  1/21)2.  Hence,  water  surface  evap- 
oration is  1/202  of  40  inches,  and  making  the  computation  for  each 
month,  we  have  the  quantities  as  per  column  2: 

Ti4al  evaporation  and  evaitoration  per  square  mile  of  water  surface  in  Munkin- 

(jutn  Basin. 


Month. 


Jaanary    . 
February  . 
Hareh  ... 
April 

Jfay 

June 

July 

Angngt  ... 
^tember 
October... 
November. 
December 


=       1. 

Total 

i  evapora- 

ti<m. 


2. 
I    Evaj)ora- 
!         tion 
l)er  sriuan* 

mile  of 

wator  8nr- 

face. 


l.(H) 
I.IO 
1.70 
;}.(X) 
4.60 
r).65 
i\.  10 

r,.tto 

4.15 
3.85 
2. 25 
1.50 


0. 0084 
.0087 
.  (K)58 
. 01029 
.01578 
.01938 
.  02W)2 
.OUK'l 
.01423 
.01149 
.00772 
.(H)514 


40.00 
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With  some  allowance  for  percolation,  leakage,  et<j.,  the  total  is  taken 
at  0.40  of  an  inch  i)er  year.  Analyzing  the  first  period,  we  find  that 
for  24  months  there  was  an  average  flow  of  0.76  inch  X)er  month,  for 
12  months  an  average  flow  of  0.67  inch,  and  for  0  months  an  avera8:e 
flow  of  0.43  inch. 

The  second  h)w-wat(»r  period  was  from  May,  1801,  to  January,  1803, 
inclusive,  a  period  of  21  months,  during  which  time  the  net  run-oflf 
was  17.2  inches,  yielding  for  the  whole  21  months  an  average  of  0.82 
inch  and  for  7  months  an  average  of  0.30  inch. 

The  most  extreme  low-water  period  was  from  April,  1S04,  to  Novem- 
tor,  1805,  inclusive,  a  period  of  20  months,  during  which  time  the  net 
run-off  did  not  exceed  un<ler  the  assumed  ccmditions  7.00  inches.  The 
average  run-off  for  Hi)  months  was  0.:]54  inch  and  for  7  months  0.116 
inch. 

On  Genesee  River th(»re  have  lx»en  two  low- water  j>eriods  durmffthe 
time  coven^d  by  the  gagings.  I'he  first  was  from  June,  1804,  to  Voh- 
ruary,  180r»,  a  [)eri(Ki  of  21  months,  during  which  time  there  was  a 
gross  run-ofT  of  1.'J.02  inches.  Evaporation  has  been  computed  for  a 
proposed  reservoir  of  12.4  scjuare  miles  water-surface  an^a,  with  allow- 
ance for  a(*tual  height  of  water  during  the  diffen^nt  months.  On  this 
basis  and  with  a  small  allowance  for  percolation,  leakage,  etc.,  the 
total  evaiK>ration  loss  for  the  21  numths  beconies  o.fio  inch,  leaving  a 
net  run-off  of  12.37  inches.  The  average  run-ofl"  for  21  months  was 
0.50  inch,  or,  if  we  assume  1.43  inches  left  in  reserv'oir  at  end  of  period, 
the  average  allowable  run-oflf  l)ecomes  0.52  inch.  P^or  10  months,  with 
.*iome  allowance,  the  av(M-age  run-oflT  is  0.30  iuch  and  for  7  months 
0.10  inch. 

The  second  period  was  from  June,  180G,  to  December,  1807,  a  period 
of  19  months,  during  which  time  the  net  run-oflf  was  13.24  inches. 
The  average  run-oflf  for  10  months,  with  1.24  inches  left  in  rest»r\oir 
at  end  of  the  period,  was  ().('>3  inch;  for  8  months,  0.31  inch,  and  forO 
months,  0. 1 7  inch.  These  figur(»s,  without  ])eing  exhaustive,  show  that 
Genesee  River  is  a  somewhat  better  water  yielder  than  Muskinj^'um 
River. 

A  large  numlx^r  of  other  interesting  and  valuable  tabulations  couW 
be  drawn  from  thesc^  data,  especially  those  relating  to  storage.  But 
since  this  element  is  not  specially  considered  in  this  paper  they  are 
not  given.  In  any  case,  enough  has  been  said  to  sustain  the  state- 
ment that  streams  varj%  not  only  as  regards  their  total  capability  of 
yielding  water,  but  as  regards  its  distribution.  In  order  to  develop 
a  stream  to  it«  maximum  capacity  for  either  water  power  or  munici- 
pal purposes  it  is  absolutely  indispensable  to  have  a  series  of  care- 
fully prepared  gagings.  Lacking  these,  there  should  be  gathered  as 
long  a  rainfall  record  as  possible*,  from  which,  by  comparison,  the 
approximate  run-oflf  of  the  stream  may  be  computed.  A  carefully 
taken  series  of  gagings  is,  however,  in  every  way  preferable. 
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VARIATION   IN    WEIR   MEASUREMENTS. 

The  writer  hjis  sliown"  the  (*()nsi(leral)le  variation  in  weir  nieasure- 
\wn\H  <lue  to  differenee  in  form  of  weir  alone.  So  ^reat  are  these 
hat  any  ex)nclusions  has<Ml  upon  the  (hit a  of  sliarp-erested  weirs 
pplied  to  other  forms  are  ext namely  unsatisfactory.  In  (me  case  of 
flat-cre8te<l  weir,  the  flow  at  a  i^ivcMi  depth  is  only  75  [Hiv  (tent  of 
hat  it  is  over  a  sharp-er(\st<»d  weir.  Variations  of  from  5  per  cent 
)20i>er  cent  are  common,  as  may  be  easily  ()l)served  by  examinini^ 
lie  tables  in  the  paper  cited. 

hi  view  of  the  importance  whicli  j^aginj^s  are  now  shown  to  bear  in 
stimating  the  value  of  a  stream  for  water  power  or  citj'  water  supplj% 
1  future  ever^'  statement  of  stream  flow  should  be  accompanied  by  a 
oncise  statement  of  tin*  uK^thod  of  gaginj?  used,  thus  permitting 
ydrologists  to  judge  of  the  general  reliability  of  the  method.  Had 
lis  been  done  in  the  past,  some  of  the  uncertainty  which  now 
ttaches  to  many  gaging  records  would  undoubtedly  1h*  removed. 

ENESEE   AND    HUDS(^N    GAGINGS    REDUCED  TO   SHARP-CRESTED  WEIR 

MEASUREMENTS. 

The  writer  has  shown  in  another  place  that  Genesee  River  gag- 
igs  which  were  made  bj^  him  ha  e  been  reduced  to  sharp-crested 
wr  measurements.  As  to  tlie  Hudson  gagings,  PI.  CXXVII  in  the 
Report  to  the  United  St^ites  Hoard  of  Engineers  on  Deep  Waterw^ays 
lay  be  cited.  This  plate  is  a  comparison  of  the  discharge  over  weirs 
y  different  formulas,  and  it  appears  from  it  that  Mullins's  formula 
>r  a  flat-crested  weir,  wliicli  has  been  used  for  the  Upi)er  Hudson 
tigings,  at  a  deptji  of  -t  feet  gives  results  less  than  Francis's  formula 
>r a  8hari)-crested  weir  by  about  10  per  cent.  However,  in  order  to 
implify  the  computation  and  to  avoid  velocity  of  approach,  the  width 
f  the  crest  was  taken  at  5  fe(,*t.  Again,  the  crest  at  Mechanicville  is 
otflat,  but  is  slightly  sloping  backward.  The  sloping  front  probably 
ffects  the  flow  to  increase  it  somewhat.  There  are  also  flashboards 
Bed  during  low  water,  which  are  properly  computed  by  Francis's 
)rma]a  for  a  sharp-crested  w(*ir.  These  several  elements  undoubt- 
Uymake  the  problem  somewhat  complicated,  but  taking  tnerything 
ito  account  it  is  probable  that  tlie  results  as  computed  are  not  far 
rom  right.  They  may,  however,  Ix*  in  error  as  much  as  2  inches  per 
ear/ 

Aa  regards  the  relation  between  mean  annual  temperature  and 
^'Hporatiou,  the  questions  raised  by  ^Ir.  Vermeule  are  very  interest- 
^i  and  have  received  consid(»rable  study  from  the  writer  ever  since 
^  publication  of  Mr.  V'ermeule's  report  in  1894.  This  study  has 
*en  specially  directed  toward  determining  whether  there  was  any 

aOn  the  flow  of  water  over  dams:  Trails.  Am.  Soe.  C.  E.,  Vol.  XLIV,  p.  220. 
bSee  the  diafprams  of  Huds^m  and  C4ene8oe  rivers  ou  thia  ^iut. 
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way  ol  showing  by  diagramH,  definitely,  that  any  such  relation  reall) 
exist4Hl.     A  eon(»iRe  resunie  of  sueh  study  will  now  l^e  given. 

KVAIH>IIATU)X. 

FITZ(iERALI>'s   FORMULA    FOR   EVAPORATION. 

In  the  first   place  we  may  consider  Mr.  FitzCierald's  formula  fo 
evaporation,"  which  is: 


(V-.)(.  +  ^J) 


In  this  formula  V=the  maximum  force  of  vapor  in  inches  of  mei 
cury  corresponding  to  the  temi)erature  of  the  water;  r=the  force  o 
vapor  present  in  the  air;  W=the  velocity  of  the  wind  in  miles  pe 
hour;  and  E=the  evaiwralion  in  inches  of  depth  per  hour.  It  can  b 
shown  that  there  is  going  on  nearly  always  a  condensation  of  moistun 
from  the  air  upon  any  water  surface.  At  the  same  time  there  is  goini 
on  a  loss  of  moisture  from  thc^  water  surface  b}-  evaporation.  Th< 
inti»nsity  of  Inith  these  operations  depends  upon  the  difference  ii 
temperature  between  the  air  and  any  water  surface  with  which  it  ma.^ 
be  in  (»ontact.  Wlu^n  the  temperature  of  air  and  water  is  the  same 
both  i)i'ocesses  stop.  Evaporation  is,  therefore,  in  effect  the  me^sun 
of  the  diffei'ence  of  these  two  exchanges.  The  velocity  of  the  wind  Ij 
also  seen  to  exert  a  very  decided  effect  on  the  intensity  of  evaporation 

In  the  foregoing  formula,  r,  the  force  of  vapor  present  in  the  air  ii 
comput4»d  by  the  following: 

In  which  r=the  force  of  va[)or  in  the  air  at  the  time  of  the  ohser 
vaticm; 
/=the  temperature  of  th(»  air  in  centigrade  degn»es,  indi- 
cated by  th(»  {\ry  thermometer; 
/'=the  temperatui'e  of  evaiK>ration  given  by  the  wet  the^ 

momet.<n-; 
V=the  force  of  vapor  in  a  saturated  air  at  the  tempera- 
ture /';  and 
/<=the  height  of  the  barcmieter. 

There  is  no  dilTerence  Ix^tween  evaporation  from  a  water  surface 
and  evaporation  from  land,  except  that  on  a  water  surface  it  goes  on 
continuously,  while  on  land  evaporation  may  l)e  interrupted  from  lack 
of  something  to  evaporates  The  preceding  formula  shows  that  the 
force  of  vapor  is  dependent  upon  the  diffeivnce  of  the  dr}^  and  ^®* 
bulb  thermometers,  and  not  in  any  degree  upon  the  mean  annnal 
temperature. 


<»Tran».  Am.  H«-.  C.  Y...  Vo\.  '^N  .\»\>.T*\-%W!k, 
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EVAPORATION   RELATIONS. 

*rof.  Cleveland  Abbe'*  ^ivos  the  following  relations  of  evai)oration, 
established  by  Prof.  Thomas  Tate: 

r)  Other  things  being  the  sauie,  the  rate  of  evaporation  Ih  nearly  proportional 

he  difference  of  the  temperatnreH  indicated  by  the  wet-bulb  and  dry-lmlb 

moineters. 

)  Other  things  being  the  same,  the  augmentation  of  evaporation  due  U*  air  in 

ion  is  nearly  proiwrtional  to  the  velocity  of  the  wind. 

)  Other  things  l)eing  the  same,  the  evajK)nition  is  nearly  inversely  propor- 

al  to  the  pressure  of  the  atmosphere. 

')  The  rate  of  evaixiration  of  moisture  from  damp.  iK)rou8  substances  of  the 

e  material  is  proportional  to  the  extent  of  the  surface  presented  to  the  air, 

loat  regard  t^)  the  relative  thickness  of  the  substances. 

)  The  TAte  of  evajwration  from  different  substances  mainly  deiHjnds  uix)n  the 

j'hness  of,  or  inequalities  on,  their  surfaces,  the  evaiH)ration  Koii^K  "n  most 

dly  from  the  roughest  or  most  uneven  surfac-i»s:  in  fju-t.  the  l>est  radiate  )rs  are 

beut  yaporizers  of  moisture. 

0  The  evaporation  from  equal  surfat^es  comi)ose<l  of  the  same  material  is  the 
e,or  very  nearly  the  same,  in  a  (luiescent  atmosjihert*.  whatever  may  lie  the 
aiation  of  the  surfaces:  thus  a  horizontal  phite  with  its  damp  face  upward 
unites  as  mmh  as  one  with  its  damp  face  downward. 

)  The  rate  of  evaporation  from  a  damp  surface  (namely,  a  horizontal  surface 

ag  upward)  is  xevy  much  affected  by  tlie  elevation  at  which  the  surface  is 

ed  above  the  ground. 

)  The  rate  of  evax)oration  is  affected  by  the  radiation  of  surrounding  bodies. 

)  The  diffusion  of  vapor  from  a  damp  surface  through  a  variable  column  of 

vies  (approximately)  in  the  inverse  ratio  of  the  depth  of  the  column,  the 

;)eratiire  being  constant. 

)  The  amount  of  vapor  diffused  varies  directly  as  the  tension  of  the  vapor  at 

ren  temperature,  and  inversely  as  the  depth  of  the  column  of  air  through 

ih  the  vapor  has  to  pass. 

)  The  time  in  which  a  given  volume  of  dry  air  iHHomes  saturated  with  vap<^)r, 

itnrated  within  a  given  luTccntage,  is  nearly  independent  of  the  temperature 

e  source  of  vapor  is  constant. 

1  The  times  in  which  different  volumes  of  dry  air  lH.»come  saturated  with 
ay  vaix)r,  or  saturated  within  a  given  per  cent,  art;  nearly  proportional  to 
rolunes. 

0  The  vapor  already  formed  diffuses  itself  in  the  atmosi>here  much  more 
fiy  than  it  is  formeil  from  the  surface  of  the  water.  ( This  assumes,  of  course, 
there  are  no  conve<*tion  currents  of  air  to  affect  the  evaporation  or  the  dif- 
3n.) 

EFFECT  OF   WIND  AND   OTHER  METKOKOLOCJKWL   ELEMENTS. 

hat  the  velocity  of  the  wind  must  have  a  very  material  c^tfeet 
•n  evaporation,  and  hence  uixm  the  nin-olT  of  streams,  is  at  onee 
•arent  on  inspection  of  Mr.  FitzCxerahrs  evai)oralion  formula,  given 

1  preceding  chapter.  A^rain,  on  examining  tlie  annual  summaries 
he  report  of  the  Chief  of  the  Weather  Bun^au  the  average  yearly 
)city  of  wind  is  found  to  vary  from  about  3  miles  to  16  or  18  nules. 


'©parmtory  studios  fi>r  dcdin-tivo  iiiotluMls  in  Ktormand  wwitlitTpredictionH^by  Prr>f.  i-h*vc*- 
Abb«  Ann.  Rcpt.  Cbiof  Si»?iml  om****!-  for  !««♦,  Part  1,  Appendix  15. 
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With  other  conditions  tht^  name,  evaporation  will  be  much  largerwit! 
a  higher  wind  velocity. 

The  pn»ce<linK  summary  of  evai>oration  i-elations  further  shows  tha 
evaiH)ration  will  vary  in  some  <le^rees  in  proiK)rtion  to  pressure,  ten 
peratuix\  moisture — whi(*h  may  be  taken  to  inchide  <lew-point,  reh 
tive  humidity,  vapor  pressure,  precipitation,  and  cloudiness— am 
finally,  in  proportion  to  average  velocity  of  the  wind.  It  may  also  t 
expecteil  to  vary  in  some  degree  in  proportion  to  electrical  phenou 
ena — thundei*stonns,  auroras,  etc. — but  as  yet  we  know  so  litt 
about  these  that  they  can  be  no  more  tlian  mentioned.  The  write 
however,  believes  that  studies  in  the  direction  here  indicated  woul 
be  very  prolific*  of  results.  For  this  purpose  two  or  three  station 
observing  all  the  elements  herein  enumerated,  should  be  establish^ 
in  each  catchment  area. 

In  the  present  study  an  attempt  has  been  made  to  correlate  thei 
elements  with  the  run-off,  but,  aside  from  the  rainfall,  the  data  a 
too  indefinite  for  satisfactory  results.     It  is  for  these  reasons,  wil 
others,  that  the  writer  is  able  to  give  only  tentative  conclusions 
regard  to  the  i-elation  of  rainfall  to  th<»  run-off  of  streams. 

PERSISTENCY   OF   RATE   OF   EVAPORATION. 

The  i^ersistency  of  the  amount  of  evaporation  for  any  given  strea 
at  about  the  same  figure  through  long  periods  of  time  was  first  iwmU 
out  by  Messrs.  Lawes,  Gilbert,  and  Warrington  in  their  classic 
paper,  On  the  Amount  and  Composition  of  Rain  and  Drainage  Wate 
Collected  at  Rothampsted,  published  in  the  Journal  of  the  Roy 
Agricultural  Society  of  England  for  1881.  As  to  why  evaporati< 
exhibits  such  persistency  these  distinguished  authoi-s  consider 
largely  due  to  the  fact  that  the  two  i)rincipal  conditions  which  det^ 
mine  large  evaporation — namely,  excessive  heat  and  abundant  rain 
very  rarely  oc.-ur  together.  The  result  is,  especially  in  the  Engli 
climate,  a  balance  of  conditions  unfavorable  t^)  large  evaporation, 
a  wet  season,  when  the  soil  is  kept  well  supplied  with  water,  there 
at  the  same  time  an  atmosphere  more  or  less  saturated,  with  i 
absence  of  sunshine;  while  in  dry  seasons  the  scarcity  of  rain  resu 
in  great  dryness  of  the  soil,  with  scant,  slow  evaporation.^ 

NEGATIVE   EVAPORATION. 

In  a  strictly  scientific  sense  this  term  is  taken  to  mean  that  wli 
the  temperature  of  the  evaporating  surface  is  lower  than  the  dt 
point,  water  is  deposited  on  that  surface.  As  regards  the  rainfj 
run-off,  and  evaporation  tables,  herewith  included,  negative  eva 
ration  means  that  the  run-off  for  certain  months  is  greater  than 
rainfall.     Sometimes  this  may  legitinmtely  happen  when  a  heavy  n 

a  Since  the  persistency  of  evaporation  has  l>een  extensively  diacussed  in  the  writer's  p 
on  Stream  Aow  in  relation  to  forestB  (,»e©  l(H>tTvv>te.  <»ii  p.  54 ).  it  is  merely  touched  on  here. 
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fidl  comen  at  the  end  of  the  month,  or  when,  with  nuich  snowfall, 
the  temperature  of  the  month  is  mostly  !K*h)w  fi*e<»zin^.  In  onler  to 
rfiow  as  miieh  as  jM>ssibh'  in  reganl  then^to,  th<»  writer  ^ivos  the  detail 
foreai'h  of  the  12  tables,  togetlier  with  a  tentative  view  as  to  the  real 
signifieance  of  the  so-ealled  nepitive  evaporation. 

Oq  Muskingum  River,  during  the  H  years  gage<l,  negative  eva^M)- 
ntion  is  shown  only  twiee  for  one  month. 

On  Genesee  River  the  detailed  tabuhition  shows  negative  evaiM)- 
lation  5  times  for  one  month  and  once  for  two  eonse(Uitiv(*  months,  a 
total  of  7  months  in  all. 

On  Croton  River,  for  the  entire  period  of  .'Jl>  years,  negative  evap- 
oration is  shown  29  times  for  one  month  and  0  times  for  two  eonseeu- 
tive  month.K,  a  total  of  41  months  in  all. 

On  Lake  Coehituate  negative  <?vaporation  is  shown  24  times  for  one 
month,  3  times  for  two  exjnseirutive  months,  and  twice  for  thr(»e  eon- 
Mcotive  months,  a  total  of  'M)  months  in  all.     Negative  evaiwrat ion 
;  isalso  shown  once  for  the  entire  storage  i^eriod  in  18!M. 

On  Sudbury  River  it  is  shown  10  times  for  one  month,  \)  tim<*s  for 
two  consecutive  months,  and  l\  times  for  three  eonseeutive  months,  a 
total  of  43  months  in  all. 
On  Mystic  T^ke  it  is  shown  12  times  for  one  month,  twiee  for  two 
,  eonsecutive  months,  onee  for  three  eoiis'^ciutive  months,  an<l  oiiee  for 
I  four  consecutive  months,  a  total  of  23  months  in  all. 
;     On  Neshaminy  Creek  negative  evaporation  is  shown  <>  tinu^s  for  one 
[  nonth,  5  times  for  two  oonsecnitive  months,  and  on<*e  forthr<»e  eon- 
I  secutive  months,  a  total  of  10  months  in  all. 

On  Perkiomen  C'n^ek  negative*  evaporation  is  shown   1(»  times  for 
one  month,  twice  for  two  eonsecutive  months,  and  twiee  for  three 
I  consecutive  months,  a  total  of  2n  months. 

On  Tohickon  Creek  it  is  shown  1 1  times  for  on<»  month,  4  times  for 
two  consecutive  months,  twice  for  three  eonseeutive  months,  and  onee 
for  four  consecutive  months,  a  t^>tal  of  21)  months.  The  year  1SS4 
shows  a  negative  evaporation  of  1.21  inches  for  th<'  entire  storage 
period,  and  the  year  isDOa  negative  evaporation  of  2.37  in<'hes  for 
the  entire  storage  period.  This  latter  is  so  larg(»  that  it  has  se(»med 
best  to  reject  the  year  l.Sl>!>.  Probably  the  year  1SS4  should  also  have 
been  rejected,  but  it  has  been  allowed  to  n»niain. 

On  Hudson  River  negative  evaporation  is   shown  7  times  for  one 
month  and  4  times  for  two  consecutive  months,  a  total  of  lA  mouths. 
On  Pequannock   River  it   is  shown  !>  times  for  one   month  and  ;"> 
times  for  two  consecutive  nionlhs,  a  total  of  ll»  months. 

On  Connecticut  River  u<'gative  (evaporation  is  shown  <J  times  for 
one  month,  U  times  for  two  <*onseeutive  months,  and  onee  for  three 
consecutive  months,  a  total  of  27  months.  The  year  1S73  shows 
—3.64  inches  in  the  storage  period,  and  for  the  year  1874  the  positive 
evaporation  of  the  storage  period  is  only  <).(>4  inch;  for  187G  it  is  for 
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the  same  period  —2.24  inches.     The  years  1873,  1874,  anil  187G  have 
l)een  rejected  in  eoniputintc  the  means. 

The  writer  has  no  doubt  that,  except  in  cold  climates,  when  nega- 
tive evaporation  occurs  for  three  or  more  consecutive  months,  there 
is  an  error  in  the  gaj^ings.  He  also  doubts  their  accuracy  somewtiat 
when  nejrative  evaporation  appears  for  two  consecutive  months.  As 
regards  the  sU)rage  {K^ricxl,  there  is  no  difficulty  in  acceptinjr  it  for 
one  month  as  true,  because  rainfall  or  snowfall  at  the  end  of  the 
month  can  be  easily  carried  over  to  the  nijxt.  This  is  also  true  some- 
times for  two  months,  but  for  the  present  it  seems  quite  doubtful  that 
other  than  in  exceedingly  rare  cases  would  negative  evaporation 
occur  for  three  consecutive  months.  Its  occurren(^e  for  six  consecu- 
tive months,  or  for  the  entire  storage  i)eri(Ml,  is  l>elieved  to  be  impos- 
sible. It  may,  however,  be  again  pointed  out  that  its  occurrence  ren- 
ders an  attempt  at  monthly  diagrams  showing  the  relation  l>otween 
rainfall  and  run-off  al)8urd.. 

Assuming  that  the  foregoing  projwsitions  are  reasonably  true,  it 
follows  that  the  fi*equency  of  the  occurrence  of  negative  evaporation 
in  gaging  records  may  Ik*  in  some  degi*ee  a  criterion  as  to  their  accu- 
racy. The  writer,  however,  <loes  not  wish  to  urge  this  very  strongly, 
but  merely  to  i>oint  it  out  as  a  possibility. 

In  reference  to  Tables  Xos.  1-12,  inclusive,  it  may  l>e  stated  that 
these  are  really  all  that  are  available  for  such  a  discussion.  There  are 
several  stream-flow  recjords  which  are  nearly  as  accurate  as  any  herein 
included,  but  unfortunately  they  were  not  accompanied  by  records 
of  rainfall,  and  the  considerable  labor  of  compiling  and  reducing 
these  has  i)reventcHl  their  use.  There  are  also  some  reconls,  with 
rainfall  included,  of  which  the  gagings  are  not  considered  very  reli- 
able, and  which,  for  the  present,  are  left  untouched  on  that  account. 

In  a  report  on  the  flow  of  the  river  Thames,  by  A.  R.  Binnie,  chief 
engineer  of  the  London  county  crouncil,^  the  matter  of  negative 
evaporation  is  elaborately  discussed,  and  in  order  to  obtain  all  the 
information  possible  about  it  Mr.  Binnie  applied  to  George  J.  Symous, 
F.  II.  S.,  to  assist  him  in  arriving  at  some  approximate  idea  on  the 
subject.  Mr.  Symons  submitted  an  exceed in^^ly  lucid  and  conclusive 
report.  Eleven  distinct  cases  of  negative  evaporation  were  sub- 
mi  tte<l  to  him  for  study  an<l  comment.  In  regard  to  these  he  arrived 
at  the  following  conclusions: 

( 1 )  Under  normal  conditions  a  fall  of  rain  will  increase  the  flow  at  Teddington 
weir  on  the  second  day  after  it  falls. 

(2)  Under  normal  conditions  the  water  running  off  from  any  given  fall  of  rain 
will  all  reach  Teddington  weir  l)efore  the  tenth  subsequent  day. 

(3)  In  the  winter  an  interval  of  two  months,  or  in  extreme  cases  even  wore. 
may  elapse  between  the  precipitation  of  moisture  from  the  clouds  and  its  flo^ 
over  Teddington  weir. 


a  Report  on  the  Flow  of  the  River  Thames,  by  A .  R.  Binnie.    Publication  of  the  London  Coanty 
Council,  dated  November  1,  lifttt. 
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U  a  eonseqnenco  of  (2)  it  is  clear  that  a  heavy  rainfall  on  the  last 
rs  of  any  month  may  not  appear  at  the  point  of  «?ajrin^  nntil  the 
ct  month.  Mr.  Symons  also  states  that  the  one  jrrt*at  fact  which 
\  l>een  impresseil  npon  him  h}'  these  i n vest ijrat ions  is  the  jrreat 
3ct  of  winter  frosts  in  regulating  the  flow  of  the  river  Thames  and 
mitigating  winter  flwxis. 

rhese  conclusions  an*  more  espe<!ially  intended  to  ajiply  to  tlu*  river 
ames.  Hence,  while  it  is  true  that  8o-(*alled  negative  evajwratiim 
tstsonallof  the  streams  considered,  th(»  conditions  are  neverthe- 
8  very  different,  and  in  the  United  States  the  eff(»ct  of  holding  back 
ft  flow  of  streams  by  frosts  is  in  very  many  <'ases  to  precipitate  a 
od  of  water  later  on.  This  element  would  hardly  l)e  considered 
th  lis  as  either  a  river  regulator  or  as  mitigating  floods. 

GROI  XI)  WATKR. 

MOVEMENTS   OF   (JROUNI)    WaTKR. 

In  an  extensive  pap<M*  Prof.  F.  II.  King  has  very  clearly  defined 
any  of  the  underlying  principles  covering  th(^  movements  of  ground 
Iter."  In  the  beginning  of  his  i)aiH*r  Professor  King  remarks  that 
ere  is  no  single  substance  entering  into  the  structure  of  the  earth 
liich  has  played  and  is  playing  so  important  a  part  as  water.  It 
inetrates  the  soils,  sands,  and  rocks  of  the  land 'areas  in  such  lai^ge 
lantities  that  sand  and  sandstones  lying  ])elow  water  level  may 
ntain  as  high  as  38  per  cent  of  their  volume  of  water.  Even  the 
lantity  stored  in  soil,  gravel,  and  clay  is  v(»ry  larg(».  The  water 
a  saturated  soil  or  clay  may  range  from  '22  i)er  cent  up  to  40  and 
en  50  per  cent  of  its  dry  weight.  The  following  ta!)le,  giving  the 
iter  capacity  of  undisturlxMl  soils  when  lying  Indow  the  plane?  of 
turation,  shows  the  amount  of  water  which  may  be  contained  in 
krioiis  soils  under  natural  (conditions: 

Water  cdpncitij  of  undisiurhed  soils. 


Kind  of  soil                                                Depth  of        Pt»r  cent  of  i  In(;heH  of 

Klnaofsoii.                                                jj^^^^j.               water.      '  water. 

Inrhrs. 

i*lyloam 0  to  12            41.3  |  5.88 

idishclay -                        12  to  24             2^.1  5.03 

Do 24  to  3ft             28. 4  5. 07 

^y  with  sand. 3ft  to  48            24.8  4.ft7 

ty  fine  sand 48  to  ftO             17.4  3.76 

Total \ - 24.41 

fMnciplea  and  r'onditiona  of  the  movemeiitrt  of  frround  water,  l>y  F.  H.  King:  NinetinmiU 
»•  Rept.  U.  S.  Geol.  Survey,  Part  II. 
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Professor  King  HtaU\s  that  there  are  many  reasons  for  believ 
that  wat4»r  penetrates  thc^  fissures  and  interstices  of  the  earth 
depths  even  exee(»ding  10,000  feet.  If  the  waters  so  inclosed  form 
larger  part  than  1  jhm-  cent  of  the  weight  of  the  material,  with  a  j 
cific  gravity  of  w.<»5,  tlie  amount  of  inclosed  water  would  be  suffici 
to  form  an  enveloin*  i^Io  feet  deep. 

Moreover,  Professor  King's  observations  show  that  ground  waU 
very  easily  <iisturl>ed  and  is  constantly  in  motion.  It  resp<mds  n 
ily  to  changes  in  barometer,  temperature,  etc.  It  is  evident  1 
these  movements  are  not  only  ch)sely  related  to  the  rainfall, 
source  of  ground  water,  but  that  the  run-off  of  streams  is  considen 
influenced  th<*reby. 

GROWTH   OF   STRKAMS   HV    ACCKSSIOX   OF   GROUND   WATER. 

It   is  evident,    without   special    discussion,    that  streams  wine 
through  the  threa<l  of  a  valley  must  receive  accession  to  their 
umes  little  by  little  as  they  move  along.     A  f<^\v  such,  cited  by  1 
fessor  King,  may  b<»  mentioned. 

1.  The  Los  Angeles  River,  in  California,  was  measured  in 
winter  of  1897-08,  showing  that  in  a  distance  of  50,OS8  feet  (1 
miles)  the  river  increased  in  volume  from  20.41  cubic  feet  per  sec 
to  about  80  cubic  feet  per  sec(»nd.  Th(»  width  of  the  river  will  a 
age  perhaps  40  fet»t?,  and  adding  to  tliis  5  feet  on  each  bank,  thro 
which  water  may  enter  the  stream,  we  have  a  seepage  surface  ol 
square  feet  p«M*  linear  foot  of  length,  whence  we  have  a  total  seep 
surface  of  2,954,400  scjuare  fei'l.  We  have  then  for  this  partici 
case  an  average  rat;<^  of  sce])age  of  0.000020.'^  of  a  cubic  foot  i^er  sqi 
foot  i)er  second. 

This  computation  is  nmde  without  refercMice  to  gradient,  whic 
unknown. 

A  profile  of  th(»  growth  of  the  Los  Angeles  River  is  also  gl> 
which  shows  that  the  rat<^  of  accession  is  not  uniform,  but  that  ni 
the  larger  jiortion  of  it  takes  place  in  the  upper  47  per  cent  of  the  t 
length. 

2.  The  West  Los  Angeles  Water  Company  has  a  flume  about  4 
feet  long  sunk  below  the  normal  level  of  the  ground  water  for 
purpose  of  collecting  the  same*  and  delivering  it  at  the  surface  lo 
down  the  valley.  The  flume  is  described  as  being  rectangulai 
cross  section,  4  feet  deep  and  5  f(»et  wide,  with  open  bottom, 
covered  and  provided  with  wooden  sides. 

On  January  21,  1897,  the  flume  was  discharging  7.2  cubic  feet 
second;  on  November  10,  180G,  7.2!>  cubic  feet  per  second;  on  yU 
1,  1896,  8.5  cubic  feet  per  second;  on  November  23,  1895,  it  is  sai 
have  discharged  10.1  cubic  feet  per  second,  but  in  April,  1898,  it 
discharging  0.2  cubic  feet  i)er  second. 

3.  The  rate  of  seepage  into  the  infiltration  pipes  of  the  Cry 
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;^ng8  Land  and  Water  Company  may  l>e  mentioned.  This  system 
'  consifits  of  an  east-and-west  line  of  infiltration  pipes  sunk  l>elow  the 
Mrmal  level  of  the  f^ronnd  water  of  the  river  valley,  which  join  in 
rtteir  lower  portion,  when  they  deliver  the  water  colleeted  by  them  to 
Hk  surface.  The  pipes  are  glazed  sewer  tile,  laid  double  upon  iKmrds 
p  the  bottom  of  a  ditch,  the  space  immediately  around  them  lM»ing 
[illed  with  coarse?  gravel  and  sand,  while  alK)ve  tlie  gravel  the  eut  is 
filled  with  material  from  the  excavation.  The  east  infiltration  line 
Itta  total  length  of  double  tile  consisting  of  1,.*J4»J  feet  of  2-J^-inch  tile, 
100  feet  of  2()-inch  tile,  1,385  feet  of  15A-inch  til<s  and  <>!!)  feet  of 
12-ineh  tile,  making  a  total  of  .1,()47  f(»et  of  doubh*  line.  The  west 
Bbfiltration  line,  also  d<mble,  has  a  measured  length  of  1,7l*1  feet,  all 
<f  15-inch  pijK^ 

The  water  d ischarged  from  the  system  on  February  1,  ISiiS,  was  9 
:tiibic  feet  per  wn^ond,  or  a  mean  rat(»  of  0.00 1077  of  a  (*ubic  f<M)t  per 
ifcwnd  for  each  linear  foot  of  length. 

Professor  King's  paper  incdudes  the  discussion  of  very  nuiny  ques- 
fi»i8of  gn^at  practical  importance* — as,  for  instance,  the  rate  of  filtia- 
•»n  of  water  through  soil,  percolation  of  water  into  undisturbe<l  ficdd 
M,  rate  of  lateral  flow  through  sands,  time  required  to  lower  the 
jpouod-water  level  of  a  syst4>m  of  infiltration  pipes,  rate  of  flow  of 
pWerinto  wells,  flow  of  water  into  driven-well  points,  rati*  of  pump- 
^  from  driven  well  compared  witli  rate  from  open  well,  an<l  nuiny 
•ftere  which,  however,  are  not  rtjferrcMl  to  here  from  lack  of  space. 
fhe paper  is  worthy  of  close  attention  from  ev(»rybody  int(M'<»sted  in 
Ptmnd  water. 

The  paper  also  includes  a  c<meis(»  summary  of  what  has  lM»en  done 
^  H  number  of  European  observ(»rs.  A  few  papers  on  ground  water 
''ive  appeared  since  the  publication  of  Professor  King's,  whieh,  how- 
ler, the  writer  has  not  seen. 

In  connection  with  the  studies  of  Professor  King,  Prof.  Charles  S. 
Bichter  undertf)ok  a  theoretical  in\;estigation  of  th(»  motion  of  ground 
•^ter,  and  his  paper  also  appears  in  the  Nineteenth  Annual  Rejiort 
'the  United  States  Geological  Survey.'' 

In  this  paper  Professor  Slichter  studies  the  ([uestion  mostly  from  the 
■^thematical  point  of  view.  As  an  example  of  th(^  nature  of  the 
*'Y)blems  touched  b}  him  the  following  may  !)(»  cited: 

Given,  a  uniform  be<l  of  uiifissnred  sandstone  100  feet  thick,  lyin^  l)etween 
ttperrions  layers  and  dipping?  •")  feet  i)er  mile:  jdven.  fiirthei.  {a)  a  uinfonn 
^Ittperatiire  of  10'  C:  ih)  a  pore  space  of  :iO  per  cent:  (c)  an  effective  size  of 
^toof  0.15  mm. ;  (</)  an  effective  liead  of  in  feet,  and.  (c)  snpp<^sing  no  cenientinj? 
^  clogging  material  between  grains;  required,  the  possible  discharge  in  cn})ic  feet 
^mintite  per  foot  of  vertical  sc»ction  into  a  vertical  fissnre  extending  at  right 
*^gles  to  the  dip  and  constantly  filled  with  water,  when  the  fissure  is  20.  40.  HO. 
\  100.  120,  140,  160,  180.  and  200  miles  from  the  l)order  of  the  collecting  area. 

** Theoretical  investigation  of  the  motion  of  jrround  waters,  by  Pn>f.  Chas.  S.  Slichter:  Nine- 
*nth  Aim.  Rept.  U.  S.  Geol.  Survey  ( 1H97-98),  Part  II. 
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The  rainfall  on  the  catchment  area  in  sufficient  to  maintain  a  constant  overfl* 
across  its  border. 

The  paper  concludes  with  a  list  of  about  80  titles  of  papers 
ground  water  and  related  topics. 

RKI^VTIOX  OF  UKOIAHilC  STRUCTURE  TO  RI  N-OFF. 

It  is  somewhat  unccilaiii  whether  difference  in  soil  due  todifferer 
in  character  of  rocks  has  much  influence  on  the  run-off,  althou 
casually  it  apix^ars  that  sandy  soils,  from  their  porousness,  do  cods 
erably  affect  the  result.  Recent  studies  of  this  subject  have  sho^ 
(1)  that  in  many  river  basins  the  annual  run-off  stands  in  a  neai 
constant  relation  to  th(»  rainfall,  and  (2)  that  this  constancy  is  im 
marked  when  the  excess  rainfall  above  a  certain  minimum  anni 
depth  is  considered.  This  latter  statement  is  equivalent  U>  sayi 
that  if  tlu»  yearly  rainfall  is  less  than  su(*h  minimum  depth  little 
no  run-off  will  take  place. 

The  general  truth  of  this  proposition  is  shown  by  many  Weste 
streams  where  the  run-off  is  little  or  nothing.  In  New  Jersey 
inches  of  rain  during  the  summer  season  protluce  a  run-off  of 
inches,  though  others  have  stated  a  somewhat  different  relation, 
the  State  of  New  York  from  1.7  to  2  inches  may  \ye  considered  1 
general  range.  As  to  the  amount  of  rain  required  to  produce  a 
run-off  at  all,  from  12.5  to  1G.5  inches  have  been  given.  For  this  mi 
mum  many  Western  streams  do  not  run  more  than  0.25  to  0.5  in< 
and  some  even  are  perfectly  dry.  These  statements  indicate  thntt 
character  of  the  soil,  nature  of  vegetation,  the  elevation,  etc.,  are 
comparatively  small  importance  as  regards  relation  between  the  yea 
volumes  of  rainfall  and  run-off.  If,  however,  we  consider  the  raiuf 
and  run-off  of  the  several  i)eriod8,  as  shown  by  the  accompanyi 
tables,  it  is  not  entirely  certain  that  these  projiositions  are  other  th 
approximately  true.  The  weight  of  evidence  indeed  is,  on  the  who 
negative.  Mr.  Vermeule  is  disposed  to  attribute  nearly  all  of  t 
differences  between  streams  to  difference  in  geology,  and  according 
gives  a  geologic  classification  for  the  New  Jersey  streams,  i 
Vermeule  says: 

As  a  rule,  the  watersheds  which  lie  upon  the  same  geological  formation  will 
found  to  have  a  strong  resemblance,  both  in  the  character  of  flow  and  in  1 
chemical  composition  of  the  waters. 

Yet,  as  will  be  shown  later,  the  Genesee  and  Oswego  rivers,  t' 
streams  with  approximately  the  same  run-off,  lie  mostly  in  differe 
geologic  formations.  As  regards  quality  of  soils,  Mr.  Vermeule  al 
says : 

It  may  be  inferre<l  that  the  kind  of  soil  has  ninch  less  to  do  with  the  amount 
evaporation  than  has  the  temperature. 

As  regards  the  relation  between  geology  and  run-off,  it  is  undout 
edly  complicated,  althougli  \l  *\ii  VwV^t^^Ww^  \ft  x^oXa  \Xv».t  In  the  Sta 
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'  New  York  streainH  which  flow  fi*om  the  north  into  Mohawk  River, 
ler  erossinji:  over  a  narrow  strip  of  Trenton  limestone  and  Calcifer- 
ir  sand-  rock,  and  which  head  in  the  Lanrentian  fjjranitc  of  the 
(lirondacks,  have  larger  flows  than  those  coming  to  the  Mohawk 
om  the  south,  which  lie  mostly  in  the  horizon  of  the  Hamilton 
lales,  the  headwaters  of  some  of  them — as  for  instance,  Schoharie 
reek — being  in  the  sandstones  of  the  Chemung  and  Portage  groups. 
1  their  lower  reaches  they  cross  over  the  sandstones  and  shales  of 
le  Hudson  and  Utica  groups,  with  narrow  strips  of  IIelderlK»rg 
mestone,  Oriskany  sandstone,  and  Onandaga  limestone. 
However,  there  is  another  consideration.  The  headwaters  of  the 
lA^ams  to  the  north  of  the  Mohawk  nearly  all  lie  in  a  region  heavily 
inhered — some  of  it  is  still  primeval  foivst — while  thos<»  to  the  south 
re  from  a  highly  cultivated  country,  practically  deforested. 

We  may  now  consider  the  ca.se  of  (Tcnesee  and  Oswego  rivers,  ix*- 
?rring  to  the  large  geologic  nuip  of  the  Stat<»  of  X<»w  York,  pul>- 
ished  in  1894,  by  James  Hall,  in  c(M)iK}ration  with  the  T.  S.  (Tcological 
urvey. 

Genesee  River  has  an  averag<»  rainfall  of  about  40  inches  an<l  Oswego 
tiver  of  about  37  inches.  That  portion  of  Oenesi^e  River  which  luis 
•een  gaged  lies  almost  entirely  in  the  shales  and  sandstones  of  the 
^ortage  and  Chemung  groups.  Oswego  River,  on  the  contrary,  li(»s 
n  the  horizon  of  the  Portage  sandstones  and  shales,  Hamilton  shales, 
Onandaga  and  HelderlK3rg  limestoiu^s,  Oriskany  sandstone,  the  rocks 
•f  the  Salina  or  Salt  group,  the  Lockport  limeston<»,  Clinton  lime- 
tone  and  shales,  Medina  sandstones,  and  Utica  sandstones  and 
hales,  including  the  Oswego  sandstone.  1'he  C-luMnung,  Portage,  and 
lamilton  formations  have  a  wide  outcrop,  while  the  Onandaga, 
taiskany,  and  Helderberg  are  comparatively  narrow  bands.  The 
Salina,  Ixxjkport,  C-linton,  au<l  Ttica  formations  arc?  all  of  consider- 
ible  extent.  Both  of  these  stivams  are  practically  without  fon»sts, 
dthough  slight  exception  to  this  statement  may  be  noted  on  the 
Atreme  headwaters  of  tlu?  Genesee  River  in  Pennsylvania,  where 
there  is  still  a  small  area  of  partially  cut  forest. 

It  is  an  interesting  circumstanc^o  that  the  geologic  formations  in 
which  the  Genesee  and  Oneida  rivers  lie  all  have  a  sIoim*  to  the  south 
or  sonthwest  of  from  K)  to  'M)  feet  per  mile.  The  main  trend  of  the 
Genesee  River  is  south  and  north,  while  the  two  nuiin  branches  of 
Oswego  River — Seneca  and  Onei<la — lie  east  and  west.  The  Mohawk 
«lho  flows  from  west  to  east.  On  this  basis  the  Portage,  Hamilt(m, 
Onandaga,  Oriskany,  Helderberg,  and  Salina  groups  lie  mostly  south 
of  the  Seneca  and  Oneida  rivers,  while  a  portion  of  the  Salina,  Niagara, 
Clinton  and  Medina  groups  lie  mostly  to  the  north.  It  is  interesting, 
therefore,  to  speculate  as  to  whether  it  is  possible  that  consid<»rable 
^ater  escapes  through  these  formations,  finally  appearing  far  to  the 
^oth,  but  in  the  lack  of  any  c(»rtaiu  evidence  this  must  Ik»  consi<leerd 
•■merely  a  speculation. 
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It  may  be  also  noted  that  for  tributaries  of  the  Mohawk  River  lying 
to  the  north,  the  stratified  formations — Utica  shales,  Trenton  group, 
Caleiferous  sand  rock,  etc. — slope  toward  the  stream,  and  henoe  may 
be  exp<3eted,  if  there  is  anything  in  this  view,  to  deliver  more  wat«r 
than  that  merely  due  to  the  rainfall  of  the  catchment  as  measured  on 
the  surface. 

On  the  Tapper  Mohawk  there  is  some  evidence  that  this  is  true. 
The  limestones  here  are  oi)en,  and  at  several  places  streams  on  the 
surface  sink,  to  reapi>ear,  in  one  case  at  any  rate,  with  greatly 
increased  volume  several  miles  farther  down.  Again,  at  Howe's 
cave,  in  Schoharie  County,  there  is  a  large  stri»am  of  water  flowing  in 
the  cav(»  which,  so  far  as  known,  does  not  apjwar  anywhere  on  the 
surface. 

Moivover,  the  Muskingum  River  may  be  referred  to.  This  stn^ra 
lies  in  the  ungla<*iatod  region  in  southeastern  Ohio,  mostly  in  the 
horizon  of  the  C-onglomerate  group  of  the  Carboniferous.  The  main 
Muskingum  River  flows  generally  from  north  to  south,  with  its  main 
branches  to  the  east  and  west,  that  to  the  west  going  a  short  distance 
into  the  Wavorly  group,  which  is  chiefly  sandstone  and  shale,  a  sub- 
division of  the  Carlmniferous.  The  dip  is  from  west  to  east.  In  view 
of  the  extremely  low  run-off  of  this  stream,  it  seems  tolerably  evident 
that  there  can  be  no  material  contribution  by  percolation  through 
tliese  strata. 

As  other  examples  of  underground  flow,  the  writer  may  mention 
'^I'oyah  Crei^k,  in  Texas,  where  a  stream  of  (his  recollection  is)  40 or 
50  cubic  feet  per  second  flows  from  the  base  of  a  mountain  with  no 
indication  as  to  its  source.  The  well-known  sti*eams  in  Mammoth 
and  Luray  caves  are  doubtless  familiar  to  all.  There  are  also  a  num- 
ber of  river  channels  in  the  West  where  the  water  sinks  into  the 
porous  soils,  to  reappear  at  some  point  lower  down;  but  these  are 
hardly  allied  to  the  cases  under  consideration,  because  the  source  is 
here  visible. 

A  stream  at  Lausanne,  Switzerland,  may  also  be  mentioned.  In  1872 
there  was  a  serious  epidemic  of  typhoid  fever  at  Lausanne,  Switzerland, 
which,  on  investigation,  was  found  to  proceed  from  a  brook  irrigating 
lands  about  a  mile  distant  from  a  public  well,  from  which  the  800 
inhabitants  of  the  village  mostly  took  their  water  supply.  Ten  years 
befoi*e,  or  in  1H()2,  a  hole  had  appeared  in  the  channel  of  the  brook  at 
a  certain  point,  8  feet  deep  and  J}  feet  wide,  which  disclosed  at  its 
bottom  a  running  stream,  apparently  fed  by  the  brook  from  a  pointy 
higher  up.  The  brook  itself  was  led  into  this  hole,  with  the  result 
that  the  water  all  disappeared  and  in  an  hour  or  two  streamed  out  at 
the  public  well,  showing  a  connection  which  had  been  suspected  for 
years.     On  refilling  the  hole  the  brook  returned  to  its  bed. 

After  the  epidemic  had  ceased  in  1872  an  investigation  was  held* 
the  hole  was  reopened  and  a  large  quantity  of  salt  thrown  in,  itspres- 
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'e  in  the  public  well  was  easily  aseertAined  by  a  chemical  exami- 
;ion. 

rhis  case  discloses  some  points  of  interest.  Here  was  a  consider- 
e  stream  flowing  underground  which  was  easily  increased  from 
)  water  of  the  brook,  which  was  on  the  surface.  Again,  the  flow 
re  was  through  coarse  gravel. 

11  the  literature  of  canal  construction  there  are  a  numl)er  of  crises 
ed  in  which  large  lasses  of  water  have  taken  place  either  through 
tfse  gravel  or  seamy  rocks.  Doubtless  there  are  numerous  other 
ses,  which,  however,  are  not  si>ecially  important,  for  it  is  tlie 
iter's  intention  only  to  point  out,  in  a  general  way,  reasons  wliy 
ch  lo&ses  may  sometimes  take  place. 

rhe  outflow  from  Skaneat^^les  Lake  has  l)e(»n  cited  as  showing  a 
;ge  loss,  presumably  by  iHjrcolation  through  strata,  but  on  reference 
the  original  authority  it  is  clear  enough  that  an  error  luis  been 
Klein  so  citing  it,  because*  the  flow  measured  was  really  through  1) 
les  of  natural  channel  and  S  miles  of  canal,  to  M(mtezuma.  It.  may 
mentioned  that  the  problem  lobe  d<^termine<l  by  this  measurement 
8  the  di«c*.harge  into  Seneca  River  and  it  is  (juite  possibl(»  that  there 
y  have  l>een  a  deficiency  from  the  west. 

^kaneateles  T^ke  lit?s  at  an  elevation  of  HiM  feet  above  tide  wat(»r 
1  a  distance  of  about  J)  miles  south  of  tlu^  Erie  C-anal,  for  which  it 
(been  used  as  a  feeder  since  1S44.  In  1850  Mr.  S.  II.  Sweet  made 
warements  of  the  flow  to  the  canal  and  through  the  same  to  Mon- 
ama,  where  the  surplus  water  is  discharged  into  Seneca  River,  to 
ich  it  was  found  to  deliver  1lN5  cubic  feet  per  second.  Measuix?- 
ats  were  also  made  at  the  foot  of  the  lake,  where  the  flow  amounted 
188  cubic  feet  per  second.  The  loss  was  r)3  cubic  feet  per  second, 
one-third  of  the  whole.     Skaneateles  Lake  itself  lies  in  the  Ilamil- 

formation,  and  its  outlet,  on  its  way  to  the  Erie  Canal,  flows 
OSS  the  Onondaga,  Oriskany,  Ilelderberg,  and  Salina  formations, 
i  dip  is  here  from  north  t^>  south,  while  the  stream,  which  is 
mtary  to  the  Seneca  River,  the  main  westerly  branch  of  the 
irego,  flows  from  south  to  north,  or  in  the  right  direction  to  realize 

maximum  possible  leakage,  or  i)ercolation,  through  the  strata. 
•smuch  as  no  such  leakage  is  mc^ntioned,  it  may  be  reasonably  con- 
dedthat  none  occurred. 

^Azenovja  Lake  and  Erieville  reservoirs  are  also  mentioned,  and 
isiderable  loss  of  water  is  given,  which  when  analyzed  is  found 
be  loss  of  water  in  the  canal,  and  hence  not  in  any  degree  attribu- 
»le  to  leakage  through  strata.  Cazenovia  Lake  and  Erieville  res- 
'oirs  both  lie  south  of  the  Erie  Canal,  and  flow  across  substan- 
Uy  the  same  strata  as  Skaneateles  Lake.'' 
^Qch  facts  as  these,  whih*  lacking  the  proof  of  a  scientific  demon- 
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stration,  an*  still  very  interesting  and  indicate  that  we  have  yet  much 
to  learn  of  the  peenliarities  of  stream  flow.  On  the  whole,  while  they 
undoubtedly  point  to  a  moderate  loss  from  percolation,  so  far  as  the 
writer  can  see  they  <lo  not  indicate  any  great  probability  of  very  large 
loss  from  this  cause.  They  do  emphasize  the  fact  that  every  catch- 
ment area  will  have  its  own  formula. 

By  way  of  showing  that  th<»  theory  of  large  evaporation  on  defor- 
ested catchment  areas  is  broadly  more  reasonable  than  the  theory 
that  there  is  any  gn»at  loss  of  water  by  seepage  owing  to  inclination 
of  the  strata,  wi^  may  consider  the  Cmton  record  as  given  hy  the 
appended  Table  \o.  3,  whc^re  it  will  l>e  noted  that  the  evaporation 
from  this  ai*ea  is  substantially  the  same  as  that  from  Muskingum  and 
Genesee  rivers;  that  is  to  say,  it   is  the  evaj)oration  of  a  deforested 
area — th(»  ar(»a  in  fon»Hl  on  this  catchment  does  not  exceed  1(>  per 
cent.     In  placing  it  at  10  per  c(»nt  the  writer  means  the  equivalent  in 
actual    efTeet  of   <l(»ns<»  fon»st.       As  regards  geologic  formation  this  ^ 
cat<<*hment  lies  almost  entirely  in  granites  and  gneisses,  in  which, 
from  their  homogeneous  character,  it   is  difticult  to  assume  any  h)88  ^ 
by  pen^olation  through  strata.     1'here  is,  liow(»ver,  a  small  area  of  i 
metamorphic    Hudson    formation,    consisting   of    slat4»,    schist,  and  : 
quart zite,  and  also  a  snuill  area  of  metamorphic  Trenton  and  Calcif-  j 
erous  limestones,   but   it    is  exceedingly  improbable  that  any  nK*k8  ^ 
which  have  lx»en  subjected  to  nu^tamorphic  changes  are  in  any  degree  i 
permeable.     This  wat<»rshed  must  therefore  bi»  considered  as  under-  i 
lain  by  an  impermeable  fonnation.     All  of  the  water  falling  upon  it 
except  that  absorl>ed  by  evaporation,  chemical  changes,  etc.,  ivappeare. 
as  run-off  in  the  streams.     It.  may  be  safely  assumed  that  there  are 
no  other  losses.     Nevertln^less,  the  evaporation  of  this  stream  is  that 
tentatively  idaced  upon  other  deforested  areas.     Moreover,  there  is 
another  interesting  consideration  of  which  brief  note  may  be  taken  at 
this  place.     In  deference  to  the  water  supply  department  of  the  city 
of  New  York,  the  writer  has  used  in  comj)uting  the  monthly  run-off  the 
catchment  area  of  33S.S  s^iuare  miles.     Mr.  Vermeule,  however,  asserts 
that  this  area  is  not  the  true  one.     He  says  the  true  area  above  old 
Croton  dam  is  353.1  sqiuire  miles.     If  we  assume  this  to  be  true  it  ; 
follows  that  the  average  run-off,  instead  of  being  22.8  inches,  is  over 
4  per  cent  less,  or  is,  roundly,  21.8  inches.     This  raises  the  evapora- 
tion from  20. 6  inches  to  27.0  inches.     In  his  report  on  forests,  Mr. 
Vermeule  has  placed  the  evaporation  of  his  second  Croton  series, 
which  the  writer  understands  him  to  consider  more  reliable,  at  22.6 
inches,  a  difference  of  5  inches  from  the  foregoing  figures,  which  it 
may  be  remarked  is  based  upon  the  latest  revision  and  is  presumably 
more  likely  to  be  correct. 

The  catchment  area  of  Lake  Cochituat,e  may  be  mentioned.    Ac- 
cording to  Mr.  FitzGrerald,  the  sloi)es  of  the  Cochitnate  catchment 
are  flat  and  sandy,  with  a  surface*  of  mostly  modified  drift.     Tlie 
Hvoraf^e  rainfall  for  t  went y-u*u\e  yeaYH,^Tv>Tcv\^^V^\c\\H01^  i8  47.1  inches, 
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tie  average  run-off  20.3  inches,  aiul  the  evaporation  for  this  period 
Ji.8  inches.  This  evaporation  places  it  at  once  in  the  category  of 
deforesed  streams.  Probably  the  equivalent  of  dense  forest  does 
lot  exceed  5  per  cent. 

The  catchment  area  of  Sudbury  River  has  Htt»eper  slopes  than  that 
•(Lake  Cochituate  and  is  largely  composed  of  unmodified  drift.  The 
ainfell  for  twenty-six  years  is  1  inch  less  than  on  the  Co<»liituate 
tttchment,  and  the  run-off  2.3  inches  larger.  The  amoilnt  of  forest 
ioesDot  exceed  0  to  8  iK»r  cent.  Neshaminy  Creek  flows  from  north  to 
■•oath,  emptying  into  the  Delaware  River  not  far  from  Bristol.  For 
iweral  miles  its  headwaters  flow  from  west  to  east.  Perkiomen 
feek flows  from  north  to  south,  and  entc^^s  the  Schuylkill  River  al)out 
['miles  above  the  city  of  Norristown.  Tohickon  Creek  flows  from 
*fi8t  nearly  due  east,  although  somewhat  (M<M)ked  for  a  few  miles, 
tten  flowing  in  a  southwesterly  direction  it  r<»aclH»s  the  Delaware* 
Kver. 

The  Horfac'^  of  the  Kr»^uiid  Ih  muHtly  fiinu  land  uikIit  a  hlKh  de^rtn?  <»f  cultivation. 
4e  original  forest  growth  has  bren  almost  entirely  cnt  away,  and  the  little 
'Gaining  timber  is  foand  generally  on  the  banks  of  the  cn^eks,  wliere  the  hill- 
^U  too  steep  U}  be  cultivate<l,  or  on  a  few  pat^^hes  of  l)ottoin  land.  This 
"owth  is  mostly  (•4)inxx)fled  of  hickory,  (;hestinit.  oak.  and  Jish.  Even  this  is  fust 
iiftppearing  t^>  supply  the  ever-increasing  demand  for  railroswl  ties,  fence  iwwts. 
•d  rails.  The  proportion  of  cultivated  lands.  w<xKllands,  etc.,  is  as  follows: 
Toodland,  about  20  per  cent;  cultivatt^l  land,  alK)ut  77.5  per  cent;  roads,  2  jwr 
iQt,  and  flats,  0.5  per  cent.'' 

On  thoup[)er  Hudson  River,  with  a  catchment  alH)ve  Mechanicville 
^4,500  square  miles,  the  aviM'a^c  rainfall  for  the  fourteen  years  from 
te8  to  1901,  inclusive,  was  about  44.2  in(*hes,  the  average  run-off 
t3  inches,  and  the  evaporation  20. 1)  inches.  Above  Glens  Falls 
ds stream  lies  almost  entirely  in  the  pre-Cambrian  gneiss,  from  which 
is  improbable  that  there  is  any  loss  of  water.  Its  main  tributary' 
►  the  west,  Sacandaga,  is,  by  observation,  an  exceedingly  prolific 
ater  yielder.  To  the  east,  the  Battenkill  and  Iloosic  rivers  have  a 
liferent  geologic  history.  The  Battenkill  flows  across  tlie  Hudson 
Udes,  the  Georgia  limestones  and  shales,  finally  I'ising  in  the  nieta- 
koiphic  Hudson  and  Trenton  formations.  The  Iloosic  River  has 
similar  geologic  history.  The  run-off  of  the  Iloosic  River  is,  with- 
Qt  doubt,  considerably  less  than  that  of  the  main  Hudson.  The 
verage  precipitation  in  westei^n  Massachusetts  from  1887  to  L8!)5, 
iciosive,  was  38.98  inches,  as  against  43.20  inches  in  the  northern 
'Uteau  from  1889  to  1805,  inclusive,  a  difference  of  4.31  inches, 
konld  such  difference  continue,  the  run-off  of  Iloosic  River  might 
^  expected  to  be,  on  an  average,  about  20  inches.  Moreover,  the 
tndson  River  above  Glens  Falls  (catchment  about  2,800  squares 
liles)  is  still  largely  in  forest — probal)ly  al>out  85  per  cent — ^l>ut  on 

•Codnuui,  John  E.,  OhHcrvation«  on  miiifall  and  Htream  flow  in  c^iHtom  PitnTMylvania:  Proc. 
i»ft«.  anbof  Phila.,  Vol.  XIV,  No.  2.  .July-Sept.,  1»7. 
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the  catchments  of  WckkI  Creek,  Batt^nkill,  and  Hoosic  rivers  tiiel 
proportion  of  forest  is  very  much  less — as  an  offhand  estimate,  the| 
writer  would  say  perhaps  20  to  30  per  cent.  The  run-off  of  Schroofti 
River,  which  is  perhaps  70  per  cent  of  an  equivalent  to  fairly  densef 
forest,  is  for  four  years  20.84  inches.  There  is,  however,  some  doubtj 
whether  this  record  is  enl  irely  reliable,  and  for  the  present  it  is  noG 
int4*nded  to  more  than  merely  call  attention  to  the  general  propositioi| 
that  this  stream,  which  issues  fn)m  an  impermeable  watershed  wittj 
70  per  cent  of  its  catchment  in  forest,  has  a  rather  large  run-ofl^ 
The  whole  catchment  area  of  the  Upper  Hudson  of  about  4,500  squaii 
miles,  will  probably  not  exceed  50  to  00  per  cent  of  forest. 

The  following  are  the  catchment  areas  of  the  several  streams  herft ' 
considered:  Hoosic,  711  square  miles;  Battenkill,  438  square  mileflj' 
Sacundaga,  1,057  s<iuar(?  miles,  and  Schroon  River,  570  square  miles^ 

The  Pequanno<!k  River  may  also  Ik?  referred  to.  This  stream  il 
characterizeil  by  sharj)  sIoih^s  throughout  its  whole  extent.  Its  head* 
waters  an*  at  an  elevation  of  about  1,500  feet,  while  the  mouth  is  on^ 
17t)  feet  al>ove  tide.  The  (catchment  is  about  14to  16  miles  long  by  4  ttii 
7  mil(»s  wide.  Mr.  Vermeule  st^ites  that  its  headwaters  lie  in  the 
l)iv-C'ani])rian  highlands.  The  shaii)  sloi>e«,  combined  with  smiJl 
catchment  aiva,  undoul)t<Mlly  a<*count  for  the  relatively  large  run-of 
of  this  stream.  Then*  is  also  an  uncertainty  of  1  or  2  inches  in  the 
rainfall  record.  The  catchment  is  judged  by  the  writer  to  be  li 
per  cent  forest. 

In  riding  over  tlu*  Pequannock  cat^thment  several  time«  the  wiit^ 
was  much  struck  by  the  fact  that  aside  from  the  main  valleys  there 
are  no  guUeys  throughout  this  area.  The  record  shows  that  precipi* 
tation  is  frequently  very  heavy,  but  it  has  been  thus  far  without  effect 
The  indications  api)ear  to  be  that  the  rainfall,  however  intense  it  may 
be,  sinks  almost  entirely  into  the  ground,  and  without  doubt  this 
peculiarity  has  its  effect  on  the  run-off. 

It  may  be  pointed  out  that  the  geology  of  Muskingum  and  Genesee  , 
rivei-s  is  substantially  the  same,  while  the  geology  of  Croton  River  i 
and  that  of  Lake  Cochituate  are  entirely  different.     Nevertheless, 
when  analyzed  by  aid  of  the  diagrams  (figs.  12-10,  inclusive),  these  j 
streams  are  seen  to  all  have  substantially  the  same  evaporation  and  i 
run-off,  although  the  rainfall  on  Croton  River  and  Lake  Cochituate 
is  different  from  that  of  Muskingum  and  Genesee  rivers.     Hudson 
River,  however,  which  has  much  the  same  geology  as  Croton  River 
and  Lake  Cochituate,  has  still  a  very  different  run-off  and  evapora- 
tion.    Oswego  River,  which  lies  in  a  different  formation  from  Genesee 
River,  has  still  nearly  the  same  evaporation." 

These  several  facts  favor  the  view  that  deforestation  is  the  real 
cause  of  the  smaller  run-off  of  Muskingum,  Genesee,  and  Croton  rivers 
and  Lake  Cochituate. 


a  The  evaporation  of  Oswego  River  is,  in  fact,  a  litUe  greater,  due  to  the  existence  of  large 
xnorsli  areas  on  OHwego  River. 
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KFFFiCTH  OF  FOUKHTS. 
DO  FORKSTS   INCKEASK    RAINFALL? 

The  evidence  on  this  point  is  conflicting.  The  variation  of  the 
Aserved  from  the  true  rainfall  liein^  ho  ^rcat,  as  has  just  been  shown, 
fce  answer  to  this  question  must  Im)  rcj^anhMl  as  v<»ry  uncertain.  It 
las  been  discussed  by  P*rofessor  Abbe  and  Dr.  llouj?h.''  The  follow- 
Bg  summation  by  Dr.  Hough,  although  nuide  lN»  years  ago,  may  bo 
accepted  as  expressing  the  fa(*t  at  the  p«^sent  day. 

The  reciprocal  inflttences  that  operate  between  wcxxllands  and  climate  ai)pear 
D indicate  a  cIohb  relation  between  thoni.  It  is  observefl  that  certain  conseciuenceH 
bHow  the  clearing  off  of  forests,  whidi  cau  sc^arcely  \h?  otherwi»H^  regarded  than 
■  a  direct  effect,  such  as  the  diminution  of  rivers  and  thi'  dryinj?  up  of  Htreams 
Bd  iprings.  Other  effects,  scanrely  r^ss  certain,  are  seen  in  the  occurrence  of 
klfcnictiTe  floods,  and  of  unseasonable  and  prolonged  droughts,  with  other  vi(^is- 
itudes  of  climate  which  it  is  allege<l  did  not  occur  when  the  c<»untry  wascovt^red 
rith  forests.  These  appear  to  have  been  brought  about  })y  their  removal,  and 
ii^t,  in  a  great  degree,  be  alleviate<l  by  the  restoration  of  woodlands  to  a  degree 
QQsifltent  with  our  best  agricultural  interests. 

On  the  other  hand,  there  are  many  facts  tending  to  show  that  the  presence  or 
licence  and  the  character  of  forests  are  the  effect  of  climate,  and  that  their  culti- 
atkm  generally,  or  the  planting  of  particular  8i)ecies.  is  closely  de|)endent  ui)on 
L  These  conditions  of  climate  should  be  understocxl  lx*fore  forest  cultivation  is 
ttempted.  It  is  also  to  be  noticed  that  differences  of  ojnnion  have  lx»en  expresse<l 
scong  men  of  science  as  to  the  extent  of  influence  that  forests  exert  upon  the 
&iate.  and  it  is  quite  probable  that  the  adv(K;ates  of  extreme*  theories  may  have 
•red  on  both  sides.  But  where  principles  dciM»nd  upon  facts  that  may  b<»  settled 
ly  obflerration,  there  should  be  no  differences  of  opinion:  and  as  there  is  no  fact 
II  liiiB  subject  that  may  not  be  verified  or  disprove<l,  the  existence  of  such 
UflEerences  only  shows  the  want  of  accepted  evidence  derive<l  from  tnist worthy 

The  interested  reader  is  r(»f(M*re(l  to  Dr.  Ilougirs  r<»port,  wliieh  may 
beeasil}'  obtained,  for  an  extended  disenssion  on  this  point. 

EFFECTS  OF   FORKSTS   ON    RTN-OFF. 

The  extent  of  forestation  has  prol)a])ly  a  <*()nsiderabl(»  effect  on  the 
mn-off  of  streams.  With  similar  rainfalls,  two  streams,  one  in  a 
F^on  hnving  dense  prinn^val  fonvsts,  the  other  in  a  n^gion  wholly  or 
partially  deforested,  will  show  different  run-off.  The  one  with  the 
ienm  forests  will  show  larger  run-off  than  the  stream  in  the  deforest  e<l 
*iea.  In  some  parts  of  the  State  of  \(»w  York  thes(»  <lifferenees  nmv 
taount  to  as  much  as  r>  or  (;  inches  in  depth  over  th<»  entire  eatehnient 
*rea.  Yet  it  must  be  said  that  this  proposition  is,  fortius  i)res(»nt, 
tentative  in  its  character. 

TTie  writer  is  particular  to  specify  dense  forests,  because  a  ^ood 
leal  of  discussion  has  <dust4»red  around  this  point.     Of  suidi  forests, 


«Rep<irt  np<infor<»«try,  l»y  Fniiiklin  B.  Hftn^h.  T.  S.  rh*iMirtiiieiit  of  A>cH«'ultur«»  tlM77;. 
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tho  most  eff<M^tive  are  those  coiniKwed  of  spruce,  ])ine,  and  other  eve^ 
green  trees.  Where  the  forest  is  more  or  less  <)pt»n  to  wind  and  sun-i 
shine,  its  efTe<'t,  while  (considerable,  is  still  much  less  marked  thai 
that  of  dens»»  evergeen  forests  when*  the  sun  seldom  penetrates  and' 
the  wind  effeet,  even  in  a  gale,  is  only  slight.  On  a  catehment  area 
where  there  ai*<*  only  scattered  patches  of  forest,  the  effect  ispraetieallf 
th(»  same  as  on  a  defon\st4»<l  area.  The  same  propositi<m  is  genorallj 
true  on  a  cat<.»hment  with  young  trees.  What  is  wanteil  for  the  max* 
imum  effect  is  a  mature  evergreen  forest. 

This  proposition,  however,  though  definit<?ly  stated  here,  has  beet 
nevertheless  the  subject  of  considerable  discussion,  and  owinjrto  ito 
complex  nature,  it  is  improbable  that  a  final  conclusion  concerning  il 
will  vi^ry  soon  be  reached.  The  writer  has  discussed  this  subject  ill 
various  papers,  which  may  be  referred  to  for  details  that  are  mostly 
omitted  here.'' 

WHY    THE   REMOVAL   OF    FORESTS  AFFECTS   STREAM   FLOW. 

W^hat/Cver  question  there  may  be  as  to  the  influence  of  forests  on 
rainfall,  there  is,  in  the  o[)inion  of  the  writer,  none  as  to  such  influ- 
ence  <m  stream  flow.  Vet  this  propositi<m  has  also  l>een  discussed  pro 
and  con  and  is  likely  to  give  rise  to  further  discussion,  and  the  con* 
elusion  will,  therefore,  for  the  present  be  considered  tentative  in  ite; 
character. 

It  seems  to  the  writer  that  the  removal  of  forests  decreases  stream' 
flow  by  allowing  freer  circulation  of  the  air  and  by  causing  higher 
temi>erature  and  h)wer  humidity  in  summer  and  so  producing  greater' 
evaporation  from  water  surfac(»s,  as  well  as  from  the  ground. 


"  The  foUowing  reyiortR  and  papers  are  filed: 

1.  Three  reports  on  Genesee  River  storage  surveys:  Appendixes  to  Ann.  Rept«.  State  EngiM*^ 
and  Surveyor  for  1H»3, 18^4,  and  \m\. 

2.  Two  reports  on  Upper  Hudson  storage  surveys:  Appendixes  to  Ann.  Repts.  Stat«»  Engineer 
and  Surveyor  for  lHft5  and  1H96. 

:i  Water  supply  of  the  western  division  of  the  Erie  C^nal:  Ann.  Rept.  State  Engineer  and  Sur- 
veyor for  1896, 

4.  The  e<'onomic8  of  the  Hudson  River:  lecture  before  the  engineering  classes  t>f  Rensseletf' 
Polytechnic  Institute,  Feb.  ^4,  1S«T. 

5.  Stream  flow  in  relation  to  forests:  Proc.  Am.  Forestry  Association,  Vol.  XU,  1J*7:  »!*•• 
reprint  in  Ann.  Rept.  Fisheriw,  Game  and  Fort^t  Commission  ( 1W6),  published  in  1>«S.  Beprinfc* 
IWW. 

6.  Natural  and  artificial  f«)rest  reservoirs  of  the  State  of  New  York:  Third  Ann.  Rept  Fi«^" 
eries.  Game,  and  Foi-est  (?ommis.sion  (18»7),  published  in  1899.    Reprint,  I89», 

7.  Water  Resources  of  the  State  of  New  York.  Parts  1  and  II:  Water-Supply  and  Irrigation 
Papi'rs  U.  S.  Geol.  Survey,  Nos.  24  and  25.  1899. 

8.  On  the  application  of  the  principles  of  forestry  and  water  storage  to  the  mill  streams  of  tn* 
State  of  New  York:  Pr(»c.  Twenty-se<rond  Ann.  meeting  of  Pulp  and  Paper  As.so<"iation.   •I'*** 

9.  Indian  River  dam,  by  Geo.  W.  Rafter,  Wallace  Greenalch,  and  Robert  E.  Horton:  Enjrio^*^ 
ing  News,  May  18,  18il9.    Reprint,  1899. 

10.  Data  of  stream  flow  in  relation  to  forests:  lecture  before  engineering  <*lafise8  of  ^^^^ 
University,  April  14.  1899:  Trans.  A8.st^'iation  of  Civil  Engineers  of  Cornell  University,  V'>'  ^^' 
1899.    Reprint,  1899. 

11.  A  report  on  a  wator  supply  from  the  Adirondack  Mountains  for  the  city  of  New^"^ 
Api^endix  E  of  an  inquiry  into  the  conditi<ins  relating  to  the  water  supply  in  the  city  of  !•* 
York  by  the  Merchants'  Ass«H'iation,  \Vit\.  . 

12.  Report  to  the  Board  of  En^meevs  on  (Ve«v  'wa\*JTNii«k>j'A>  ow  \.bft  water  supply  (*t  entof?^ 
canals  through  the  State  of  New  York;  Apvendin  \<:k  pv^'iVStft.   vV*5^.^ 
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That  the  removal  of  forests  renders  stream  flow  less  ec[iial  through- 
Qt  the  year  and  so  causes  floods  and  ^xM'iods  of  dryness  in  rivers 
eems  to  be  beyond  reasonable  <|U(M*tion,  for  the  forest  litU^r  and  root 
lasses  serve  as  storage  reservoirs,  tending  to  ocjualize  the  flow  of 
breams. 

Space  will  not  be  taken  to  <lisenss  these  propositions,  be(*ause  very 
ttle  can  be  added  to  previous  discussions.  Tlu*  readier  is  I'eferred  to 
iie  Bulletin  No.  7,  of  the  Forestry  Division  of  the  Department  of 
agriculture  on  Forest  Influences,  as  well  as  to  Dr.  Hough's  reiH)rt  on 
3rests,  for  fairly  complete  discussions. 

FORESTATION  OF  THE  CROTON  CATCHMENT  AREA. 

In  a  paper  <*  read  before  the  American  Forestry  Association  in  1901, 
Ir.  Vermeule  proposes  the  question  wheth(*r  the  forestation  of  the 
atchment  area  of  the  Croton  water  supply  is  advisable.  In  considering 
his  question  it  may  be  pointed  out  that  if  the  Croton  watei'shed  were 
orested,  there  is  no  probability  of  reaping  the  full  benelit  under  from 
5  to  150  3'ears.  On  this  point  the  following  statement  by  Mr.  H.  E. 
^eniow,  director  of  the  New  York  State  College  of  Forestry,  at  Cor- 
lell  University,  is  pertinent : '' 

The  one  thing  in  which  the  forestry  })ii8ineH8  differs  from  all  other  business  is 
lie  long-time  element,  for  it  takes  100  years  and  more  to  grow  trees  fit  for  the  nse 
>f  the  engineer,  the  builder,  and  the  architet-t:  hence  the  dollar  sjient  now  in  its 
irrt  start  most  come  back,  with  compound  interest,  KM)  years  hence. 

For  the  sake  of  the  argument,  wc  will  assume  that  on  this  watershed 
in  12()  years  the  full  effect  of  forestation  would  be  realized.  This 
•rould  give,  as  an  average,  an  in<*reas(»  of  from  4  to  (>  inches  in  run-off. 
For  the  purposes  of  this  discnission  we  may  assume  it  at  5  inches. 

In  order  to  forest  the  watt^rshed  it  would  b(^  necessary  to  acquire 
the  entire  area,  which,  so  far  as  the  writtM-  can  ascertain,  could  hardly 
be  done  for  less  than  $1<)()  per  acre.  Prohably  the  price  would  be 
much  greater  than  this,  but  to  avoid  an  overestimate  it  may  be  fixed 
at  ♦100  i)er  acre.  At  this  rate  the  catchment  area  of  3:{U  squai'e  miles 
would  cost  *2l,69G,0()0.  The  plantingoulof  treescould  hardly  cost  less 
tiian  $20  per  acre  additional,  but  in  order  to  nmke  the  estimate  as 
i^asonable  as  possible  we  will  take  it  at  «10  per  acre,  which  makes 
an  additional  sum  of  *2,169,(»00,  or  a  total  of  !?2;j,8(3o,000. 

If  we  assume  the  annual  interest  at  :3  per  cent,  and  place  this  sum 
at  compound  interest  for  12(>  years,  we  have  at  the  end  of  that  time 
the  sum  of  $779,51  0,()(M).  The  pn\sent  safe  yiehl  of  the  Croton  water- 
shed, with  all  avaihibU^  storag(\  is  about  l*S( ),()()( ),()()(>  gallons  per  day. 
We  would  pay,  therefore,  this  large  sum  for,  perhaps,  7r),(i()(),(M)0  gal- 
lons additional  per  day  at  the*  end  of  120  years.     It  is  true,  there 

•^New  Jerwey  forcsstsniul  th<*ir  rolatioii  t«>  WHt4>r  sui>i)ly,  l»y  C.  C  V«*nnonlo:  Tht»  RnK^inottring 
^•n>rd.  Vol.  XLII,  No.  I  (.July,  VM)\  > 
^'HiM  forester  au  enyriiUHa*.  by  li.  E.  F»tu<)w:  Jour.  W«*stoni  S<k*.  KiiKrs.,  Vol.  VI,  No.  5  «()ct.. 
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would  bo  somo  increase  in  water  supply  after  alx)ut  30  years,  and  the 
supply  nii^ht  be  exi>ect^l  to  go  on  increasing  until  the  average  increase 
of  yield  was  attained  in  120  yeai-s.  But  the  increase  in  water  supply 
would  not  be  at  all  commensurate  with  the  increase  of  c^ipitalization. 
It  is  very  evident  that  an  expenditure  of  this  sum  of  money  would 
procure  a  far  greater  quantity  of  water  from  other  sources.  Hence 
it  does  not  seem  expedient  to  suggest  the  forestation  of  the  Croton 
catchment  area. 

Another  objection  to  the  forestation  of  the  Croton  watershed  as  a 
remedy  for  the  water  difficulties  of  New  York  City  may  be  found  in 
the  fact  that  a  considerably  increased  water  supply  is  want^  at  once; 
it  is  entirely  out  of  the  question  to  wait  120  yeara  for  such  increased 
supply. 

As  a  broad  proposition,  however,  cat<ihment  areas  from  which 
municipal  water  supplies  are  drawn  should  be  in  forests,  and 
undoubtedly  as  time  goes  on  this  condition  will  be  more  and  more 
attained.  Already  various  European  and  American  municipalities 
hHV(»  recognized  the  advisability  of  owning  the  catchments  from  which 
their  municipal  water  supplies  are  drawn. 

DETAILS  CONCERNING  TABLES  AND  DIAGRAMS. 

TOPOGRAPHIC   RELATIONS   OF   CATCHMENT  AREAS   OF   STREAMS 

TABULATED. 

Tlie  following  gives  an  outline  of  the  topography  of  the  several 
catehnu^nt  areas  included  in  the  tables. 

The  headwaters  of  Muskingum  River  lie  at  an  elevation  of  alwut 
1,100  feet,  and  it  flows  into  the  Ohio  River,  near  Marietta,  at  an  eleva- 
tion of  about  500  feet.  The  Muskingum  River  proper  has  a  length  of 
10*.)  miles,  with  its  main  tributaries,  the  Walhonding  and  the  Tusca- 
rawas, having  an  additional  length  of  about  100  miles,  thus  givingthe 
basin  a  length  of  200  miles.  From  the  head  of  the  Tuscarawas  to  the 
junction  of  the  two  main  tributaries  there  is  a  fall  of  about  2  feet  per 
mile,  and  from  this  point  to  the  mouth  of  the  main  Muskingum  the 
descent  is  about  1.5  f(H3t  per  mile.  On  the  Walhonding  the  descent 
is  more  rapid.  At  its  headwaters,  near  Mansfield,  the  stream  is  from 
400  to  450  fe(*t  above  what  it  is  at  its  junction  with  the  Tuscarawa>. 

The  Genescv  River  rises  in  Potter  County,  Pa.,  and  flows  in  a 
northerly  direction  across  the  State  of  New  York,  emptying  into 
Lake  Ontario  at  Rochester,  having  a  total  length  of  about  115  miles. 
Its  iK^adwat^^rs  are  at  an  elevation  of  over  2,000  feet,  while  Lake 
Ontario  lies  at  a  mean  elevation  of  247  feet.  This  stream  is  si^ecially 
(rharacterized  by  two  sets  of  falls.  The  three  falls  at  Portage  have  an 
aggregate  of  about  270  feet,  while  at  Rochester  the  river  falls  263  feet, 
also  in  three  falls,  with  some  intervening  rapids.  This  stream  flows 
for  .several  miles  at  Rochester  and  Portage  over  bare  rocks. 
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he  Crotoii  River  flows  into  tho  Hudson  at  Crot^ni  Lnmlin^j:  at  an 
ation  of  practically  tido  water.  Its  extreme  headwaters  in 
che88  County  are  at  an  el«»vation  of  al)out  7(H)  f(»et  above  tide.  Its 
:th  is  about  35  miles. 

ike  Cochituate  is  in  a  generally  flat  an»a  at  an  el(»vation  of  alM)ut 
feet  above  tidewater.  A  small  area  in  th<»  south  iH>i1ion  rises  to 
levation  of  300  feet.  The  greatest  extent  of  this  area  is  from 
beast  to  southwest,  about  9^  miles,  with  an  average  width  of 
It  2  miles.  In  the  northern  part  it  is  narrow(»r  than  this  and  in 
southern  somewhat  greater. 

idbury  River  catchment  area  lies  immediately  to  the  west  of  the 
e  Cochituate  catchment.  Tlie  elevations  vary  from  about  2(X)  feet 
ve  tide  to  from  500  to  600  feet.  Its  length  from  north  to  south  is 
ut  10  miles,  and  from  east  to  west  about  8  miles.  Owing  to  a 
il)er  of  hills  throughout  the  aii»a  the  slopes  are  much  steeper  than 
the  Cochituate  catchment.  Sudbury  catchment  lies  alx>ut  25 
js  to  the  west  of  Boston. 

[ystic  Lake  is  practically  at  sea  level,  with  considerable  hills  in  a 
tion  of  the  catchment  area.  The  slopes  are  steep,  but  not  quite  as 
P  as  Sudbury. 

eshaminy  Creek  flows  into  the  Delaware  River  at  an  elevation  of 
n  10  to  20  feet  above  tide  water.  Its  headwaters  are  at  an  elevation 
bout  300  feet.  Its  extreme  length  from  north  to  south  is  from  40 
5  miles. 

erkiomen  Creek  flows  into  the  Schuylkill  at  an  el(»vation  of  about 
eet  above  tide  level.  The  headwaters  are  at  an  elevation  of  ooO 
.  The  length  of  the  biusin  from  norlli  to  south  is  about  30  miles. 
ohickon  Creek  flows  into  the  Delaware  River  at  an  elevation  of 
ut  70  feet  above  tide.  Its  extn^ne  headwatei's  are  at  an  elevation 
-5  feet.  Its  length,  from  east  to  west,  is  al)OUt  2;")  miles. 
Indsou  River,  at  Mechanicville,  is  about  (>()  feet  above  \\i\o,  while 
its  extreme  headwaters  it  is  al)out  3,400  feet  above  tide  h^vel. 
) catchment  area  above  <Uens  Falls  is  from  40  to  50  miles  from  <»ast 
^est  and  from  00  to  05  miles  from  north  to  south.  B(4ow  (ilens 
l«  the  catchment  extends  w<»ll  into  soutlnMii  X'ermont  and  Massa- 
setts.  The  length  of  the  stream  alM)ve  Meehanieville  is  from  120 
25  miles. 

equannock  River  flows  into  the  Passaic  near  P()nii)ton,  at  an  eleva- 
i  of  170  feet  above  tide.  Tlu*  main  facts  of  \\w.  topography  of  this 
am  have  l>een  given  in  tlio  eliapter  on  *'The  relation  of  geology  to 
run-oft  of  sti*eams." 

he  Connecticut  River  flows  into  Long  lslan<l  Soun<l  at  tide  water, 
rises  in  the  noi-thern  jiart  of  New  Hampshire.  Its  extreme  head- 
ers issue  from  an  elevation  of  2,CK)()  to  3,fMK)  f(M»t  above  tide  level, 
ength  is  about  375  mil(»s.  The  topography  of  this  catchment  is 
j^and,  in  the  northern  [)art,  mountainous. 
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C  LA88IFICATION   OF  STREAMS. 

In  Table  N<>.  K^  we  have  the  mean  rainfall,  rnn-oflf,  and  evaporation 
of  the  storage,  growing,  and  replenishing  j)eriods  of  the  streams  for 
which  individual  figures  are  given  in  Tables  Nos.  1  to  12,  inclusive. 
This  table  sliows  what  may  l>e  t-ermed  the  family  resemblance  between 
streams.  For  instance,  for  the  Muskingum  and  Genesee  rivers  the 
mean  rainfall  of  the  storage  i^eriod  is  about  19  inches,  with  a  run-off 
of  about  10  inches  and  an  evaporation  of  about  9  inches.  For  the 
growing  period  tlie  mean  rainfall  of  each  of  these  two  streams  is 
about  12  inches,  with  run-off  1.7  inches  and  evaporation  10  inches. 
For  the  replenishing  period  the  mean  rainfall  of  each  is  about  9  inches, 
with  run-off  about  2  inches  and  evaporation  7.5  inche.s.  The  total 
rainfall  of  the  whole  year  is  40  inches  for  eacOi  stream — run-off  13.5 
inches  and  evaporation  20.5  inches. 

The  Croton  River  has  a  much  higher  rainfall.  Twenty-four  inches 
in  the  storage  period  produces  17  inches  of  run-off,  with  an  evapora- 
tion of  7  inches.  From  13. (i  inches  of  rain  in  the  summer  we  have 
2.6  inches  of  run-off,  with  11  inches  of  evaporation.  The  rainfall  for 
the  year  is  49.4  inches,  or,  say,  9  inches  more  than  for  Muskin^roni 
and  (xcnesee  rivers.  The  run-off  is  also  about  9  inches  in  excess  of 
that  of  these  two  streams.  The  evaporation  is,  however,  the  same, 
pointing  very  strongly  to  a  similar  cause. 

On  Lake  Cochituate  catchment  23.1  inches  rainfall  in  the  stora?<? 
period  produces  on  an  average  but  14.9  inches  of  run-off,  with  fl- 
inches of  evaporation.  The  rainfall  of  the  growing  i)eriod  is  the 
same  as  that  of  the  Muskingum  and  Genesee  rivers,  yielding,  how- 
ever, 2.1  inches  run-off  and  9.5  inches  evaporation.  For  the  replen- 
ishing i)eriod,  12.4  inches  rainfall  yields  3.3  inches  run-off,  withal 
in(*hes  t»vaporation.  The  totals  for  the  year  are,  rainfall,  47.1  inches; 
run-off,  20.3  inches,  and  (evaporation,  20.8  inches.  Aside  from  cliffer- 
encc*  in  <'atchment  areas,  the  total  (evaporation  of  botli  Croton  Riv*'^ 
and  Lake  C()chituat(»  is  substantially  the  same  as  that  of  Muskingum 
and  (renesee  rivers.  The  (^\c(^ss  rainfall  of  Lake  Cochituate  over 
Muskingum  and  Genesee  rivers  is  about  the  same  as  the  (*xcess  evap- 
oration; that  is  to  say,  7.5  inches.  As  regards  evaporation,  liftke 
Cochituate  ma}'  therefore  class  with  the  Muskingum,  Genesee,  ami 
Cl-oton  rivers. 

For  Sudbury  River,  ^lystic  Lake,  Neshaniiny  and  Perkiomen  creeks 
som<»what  different  conditions  pi-evail.  The  yearly  evaporation  is  here 
about  24  inches,  and,  with  the  exception  of  Mystic  Lake,  the  niii-<>ff 
is  about  23  inches.  On  Mystic  Lake  catchment  the  rainfall  is  enough 
smaller  to  fully  account  for  the  difference  in  run-off.  Broadly,  these 
four  streams  may  be  considered  as  making  a  second  class. 

Tohickon  Creek  has  a  total  annual  mean  rainfall  of  50  inches,  from 
whence  it  i^esults  that  the  mean  yearly  run-off  is  28.4  inches  and  the 
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evaporation  21.7  inches.  This  stream  varies  so  much,  from  what  the 
^neral  principles  indiwitis  that  the  writ<»r  doubts  s(mie\vhat  the  cor- 
rectness of  the  record.  He  cousi<lers  it  quite  possible  that  it  may  be 
10  per  cent  to  20  per  cent  in  error.  Reasons  for  this  view  are  jxiv<*n 
inthe  chapter  on  '*  Negative  evaporation."  The  writ(M*  recognizes,  how- 
ever, that  in  view  of  the  uneerta-inty  of  gagings,  etc.,  the*  m(»re  fa(*t  of 
A  stream  not  squaring  with  preconceived  views  ought  not  to  condemn 
its  record.  There  must  be  valid  re^isons  for  rejecting  the  j>arti(uilar 
record. 

The  Hudson  River  shows  apparently  the  effect  of  an  impermeable 
catchment,  combined  with  a  large  forest  area.  It  has  a  nn^an  annual 
rainfall  of  44.2  inches,  yi<^lding  23.3  inches  run-off,  with  20.9  inches 
evaporation.  For  the  storage  period  20. 0  inches  rainfall  yields  10.1 
inches  run-off,  with  4.5  inches  (evaporation.  For  the  growing  i>erio<l 
12.7  inches  rainfall  yields  3.5  inches  run-off,  with  *J.3  inches  evapora- 
tion. For  the  replenishing  period  10.0  inches  rainfall  yields  3.7  inches 
nin-off  and  7.1  inches  evaporation.  This  stre«m,  fi'om  general  simi- 
larity, may  proi)erly  classify  with  the  Connecticut. 

For  the  Pequannock  River  explanations  have  already  been  givt^n, 
which  apply  generally.  For  Dw  pn^sent  it  tentatively  stands  in  a 
class  by  itself. 

The  classification  here  given  is  experimental  merely,  and  is  sub.je<'t 
to  modification  with  the  gathering  of  more  complete*  data. 

DESCRIPTION    OF  TABLES    XOS.    1    TO    12. 

Table  No.  1  gives  the  rainfall,  run-off,  an<l  evaporation  of  the  stor- 
age, growing,  and  replenishing  j)eri()ds,  as  well  as  the  total  of  these 
three  items,  on  the  Muskingum  River,  for  the  years  1S88-1S05,  inclu- 
sive. The  minimum  year  was  1805,  the  total  run-off  lK»ing  4.1)0  inches. 
The  maximum  occurre<l  in  1890,  with  a  total  run-olf  of  2f>.84  inches. 
The  mean  run-off  for  the  entire  period  is  13.1  inches. 

Table  No.  2  gives  the  same  facts  for  tin*  Genesee  River  for  the  y<»ars 
•1890-1808,  inclusive.  In  this  table,  for  t  he  years  1 80(  >-l  892,  th<^  ivcord 
of  Oatka  ("reek,  which  was  gaged  by  the  writer,  has  Imhmi  used.  For 
» portion  of  1893,  the  results  an^  computed.  The  dam  at  Mount  Mor- 
ris, at  which  gagings  were  taken,  was  carried  away  by  a  flood  early 
in  1897,  and  foi  the  years  1897  and  189S  the  gaging  record  has  been 
deduced  by  comparison  of  the  rainfalls  with  those  at  RochestiM*,  wh<»re 
fAgings  are  kept  by  the  city  engine(*r.  The  results,  aside  from  those 
for  the  years  1894-189'*),  must  be  considered  somewhat  approximates 
although  probably  within  in  jmt  cent  of  the  truth.  The*  m(»an  (evap- 
oration for  the  years  1894-18!m;  was  27.21  incln^s. 

Table  No.  3  exhibits  the  rainfall,  run-off,  and  evaporation  of  the 
ttorage,  growing,  and  rephMiishing  periods  for  C'roton  River,  from 
1868-1899,  inclusive,  a  iM»riod  of  thirty-two  years.     This  rtH'ord  has 
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lMH»n  rovlsiMl  as  jhm*  <»x|MM*iimMils  jit  Cornell  Univei-sily,  descrilKMl  by 
John  H.  FrooiiiHii,  iiMMiiber  AinoricHii  Society  Civil  Engineers,  in  his 
reiMnt  to  the  conipti-oller  in  IlKX).  As  shown  by  Mr.  F'reenian,  the 
rainfall  re<»oiil  from  lH(;8-lH7r,,  in(*lusive,  is  not  very  reliable,  and 
accordingly  two  sets  of  means  are  given.  The  mean  rainfall  from 
180K-187<i,  inclusive,  was  45  inches,  the  mean  run-off  L^*5..37  inches, 
and  the  mean  evaporation  iM.Ji.J  in<*hes.  For  the  second  periml  the 
rainfall  from  1877-lSli9,  inclusive,  has  l>een  so  rationally  tnmted  by 
Mr.  Freeman  as  to  leave  nothing  to  be  desired.  The  means  for  this 
second  perioil  an»:  rainfall,  49.33  inches;  run-off,  22.81  inches,  and 
evaporation,  20.52  inches.  A  comparison  of  these  two  sets  of  means 
shows  how  dangerous  it  is  to  draw  final  conclusions  from  data  about 
which  there  is  considerable  doubt.  The  rainfall  differs  by  4.33  inches 
and  the  evaporation  by  4.81)  indices,  or  from  20  [)er  cent  to  25  per  cent. 
■  In  preparing  this  table  the  figures  of  table  No.  20  of  Mr.  Freeman's 
report  have  l)een  ust^d.  This  table  is  in  million  gallons  per  24-hour 
day,  and  has  been  redu(?e<l  to  inches  per  month  on  the  catchment  area 
of  338.8  square  miles,  'i'he  following  gives  the  water  surfaces  exposed 
to  evaporation  at  diffen^nt  periods: 

Per  cent. 
5. 8  square  miles.  18«S-187:J.  =  1. 73 

6. 2  square  miles,  18T3-Octol)er.  1HT8,  =  1.83 
0. «  square  miles.  1878-1891 ,  =  2. 03 

8. 4  square  miles,  1891-1893,  =  2. 48 

9. 5  square  miles,  1893-1895,  =  2. 82 
11 . 0  square  miles,  1895-1897,  =  3. 28 
1"2. 0  stiuare  miles,  1897-1900,                    =  3. 56 

It  may  at  first  thought  be  imagined  that  these  large  water  sufaees 
exposed  to  evaporation  have  considerably  increased  the  ground  evap- 
oration over  the  entire  catchment.  When,  however,  one  considers 
that  it  is  only  the  difference  between  what  a  water-surface  evapora- 
tion and  what  a  grouiwi-surface  (evaporation  w^ould  be,  the  diffei'ence 
is  seen  to  be  not  vei*y  m  uch.  For  instance,  assuming  the  water-surface 
evaporation  at  30  inches  per  year  and  the  ground-surface  evapora- 
tion at  27  inches  per  year,  the  difference  becomes  9  inches.  With  1* 
square  miles  of  water  surface  in  1000,  giving  3.50  per  cent  of  the  whole, 
the  excess  of  water-surf  a(*e  evaporation  over  ground -surface  evapora- 
tion is  0.32  of  an  inch,  a  (quantity  which  is  so  far  within  the  limit  of 
possible*  error  in  other  directions  as  to  l>e  negligible.  At  the  most, 
taking  th(»  assumecl  catchmenV  area  at  338.8  square  miles,  it  would 
only  reduce  the  evaporation  from  20.5  inches  to  2G.2  inches. 

The  minimum  y(»ar  in  this  table  is  seen  to  be  1880,  when  only  13.71 
inches  ran  off.  In  1883  the  run-oft  was  also  very  low,  l>eing  only 
13.74  inches. 

Table  No.  4  exhibits  a  similar  set  of  facts  for  Lake  Cochituate  froni 
ISfl'^-lUOO,  inclusive*.     Two  sets  i>f  means  are  also  given  in  thisciis^' 
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one  from  1896-1900,  a  period  of  5  years,  aiul  the  other  from  ISO;}- 
1900,  a  period  of  38  years.  There  is  very  little  diffei-enee  Ix^tween 
these  two  sets  of  means.  The  minim uin  year  is  seen  to  have  l)een 
1883,  when  there  was  only  lO.OJ*  inches  of  run-off. 

Table  No.  5  g^ves  the  same  data  for  Sudbury  Hiv<?r  from  lS75-ltMKj. 
inclusive,  a  |)eri<Ml  of  20  years.  Two  sets  of  means,  on<»  for  the  live 
years  from  1896-10(K),  inelusive,  and  the  oth(»r  for  the  entire  jM^ricwl  of 
26  years,  are  also  ^iven  in  this  <»aso.  T1h»  eat<*hm<Mit  area  t>f  this 
stream  is  hilly,  and  considerable  variation  in  rainfall  may  be  e.\[MMM<»d 
totake  place.  Originally  (mly  on<»  rain  jra^e  was  <»xiM)S4Mi,  but  latterly 
there  are  several,  and  tlu* rainfalls  as  driven  in  tin*  tabic  arc  the  moans 
of  these.  In  iss:{,  which  was  the  year  of  minimum  run-olT,  only  1 1.40 
inches  appeared  in  the  stn»am,  out  of  a  total  precipitation  of  ;U.52 
inches. 

According  to  the  Sixth  Annual  Kcport  of  the  M<*tro[H)litan  Water 
Board,  rainfall  ol>servations  for  Sudbury  catch m<Mit  w(»re  tak<Mi  as 
follows:  January,  lS7/i,  to  April,  1S7(>,  Lake  ('o<*liituat<*  only;  April 
ViJune,  1S70,  I^ikc  C'o<*hituate,  Wcstliorouj^h,  and  il(»pkint(ni;  June 
to  l)eceml>er,  187(J,  Lak<»  Cochituate,  Soulhborouj^h,  Marlborouj^h, 
Wi»8tl)orough,  and  Ilopkinton:  l)eccmlM»r,  1S7<*.,  to  January,  iss.J, 
FraminjiCham,  Southborough,  Weslborougli,  Marll)orouji:h,  and  Ilop- 
kinton; January,  18s;j,  to  January,  1SS4,  Framinj^liam  an<l  Southbor- 
ou^h:  January,  1884,  to  January,  IS!M),  Framinji;ham  and  \Vestl»or- 
oujifli;  January,  181H),  to  May,  1S1»S,  Kramingham  and  Ashland  dam; 
Jun<^,  1S08,  to  Deeemlwr,  I'JOO,  Kramingham,  Ashland  dam,  Coiila- 
ville,  and  Sudbury  dam. 

The  catchment  area  of  Sudbury  Kiver,  from  1875-1878,  inclusive, 
^H8  77.704  square  miles;  in  1870  and  18'M)  it  was  78.238  square  miles, 
*nd  f rom  1881-1900,  inclusive,  7o.2  s<iuare  miles. 

On  Sudbury  catchment  water  surfac(»s  were  1.0  ixm*  cent  of  the  whole 
from  1875-1878,  inclusive;  they  were  '3  i)cr  <'ent  in  1870,  :{.4  per  (^ent 
Jn  1885,  3.D  per  cent  in  1804,  and  <*>.5  per  cent  in  1808.  Tho  catchment 
*feo  contains  extensive*  areas  of  swamp  land,  whi<*h,  althouirh  covered 
Mth  water  at  times,  are  uot  included  in  the  above  pen*entag(»s  of  the 
^ater  surfaces. 

Table  No.  6  gives  tlu*  rainfall,  run-off,  and  evaporation  of  the  stor- 
^e,  growing,  and  replenish  in  jj:  jx^riods  for  Mystic  Lake  (»atchmeiit, 
*^m  1878-1895,  inclusive,  a  perio<l  of  18  years.  The  minimum  year, 
^ith  a  total  nin-off  of  0.44  in(»hes,  occurred  in  1883.  Since  it  is  the 
^'^n-off  of  the  minimum  year  which  determines  the  value  of  a  stream 
^^r  water  supply,  this  figure  shows  that  this  stream  is  not,  on  the 
^hole,  as  good  a  water  yielder  as  Lake  C'ochituate  and  Sudbury 
hatchments. 

T'able  No.  7  gives  the  rainfall,  run-off,  and  evaporation  of  the  stor- 
^^y  growing,  and  replenishing  i)erio<ls  for  Neshaminy  C'lvek  for  tlu» 
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yearH  18H4-1890,  inclusive,  a  period  of  16  years.  The  minimum  yea 
was  1895,  when,  with  a  rainfall  of  38.50  inches,  18.15  inches  ran  off 
Neshaminy  Creek  may  be  taken  as  a  deforested  area. 

Table  No.  8  gives  for  Perkiomen  Creek  the  niinfall,  run-off,  an* 
evaporation  of  the  storage,  growing,  and  replenishing  periods  for  th 
10  years  from  3884-1809,  inclusive.  The  minimum  year  was  189* 
when,  with  40.35  inches  rainfall,  the  run-off  was  17.58  inches.  Th 
writer's  recollection  is  that  in  riding  through  this  area  some  timeag^ 
the  forest  is  mostly  scattered  and  is  probably  equival<*nt  in  offect  t 
not  more  than  8  per  cent  to  10  iM»r  cent  of  dens**  forest.  If  he  is  >v]oii 
in  this,  he  will  be  glad  to  be  set  right. 

Table  No.  0  gives  for  Tohickon  Oec^k  tin*  rainfall,  run-olT,  an 
evaporation  of  th(»  st4)rage,  growing,  and  replenishing  i)eri()<ls  fnn 
1884-1808,  inclusiv(»,  a  period  of  15  y(»ars.  The  year  of  niiniinuni  nil 
off  was  1806,  when  48.03  inches  of  rainfall  yiehled  10.73  inches  of  nil 
off.  The  rainfall  of  this  cat^*lnn<»nt  is  consi<lcrably  higher  than  ths 
of  the  t wo  (*ontignous  streams,  from  whence  it  results  that  the  nil 
offs  are  also  larg(»r. 

Table  No.  10  gives  th<»  rainfall,  run-off,  and  evaiK»ration  of  \hv  sto 
age,  growing,  and  replenishing  ])criods  for  the  IIu<lson  Hiv<M*  area  U 
a  p(*ri<>d  of  14  years,  from  ISS8-r.i01,  inclusive.  The  niininunn  yes 
was  1805,  when  30.07  inches  of  rainfall  yielded  17.40  inch<*s  as  niu-c 
in  the  stream. 

Table  No.  11  gives  the  rainfall,  run-off,  and  evai)oration  of  the  sto 
age,  growing,  and  replenishing  periods  of  the  Pequannock  River  catc* 
ments  for  0  years,  from  1801-1800,  inclusive.  The  minimum  yearw 
1805,  when,  with  37.02  inches  of  rainfall,  21.11  inches  appeared 
run-off.  The  rainfall  record  for  this  catchment  area  is  not  entin* 
satisfac'tory  and  further  study  may  modify  it  somewhat. 

Table  No.  12  gives  the  rainfall,  run-off,  and  evaporation  of  the  stc 
age,  growing,  and  replenishing  periods  for  the  Connecticut  Riv'^r 
Hartford  for  a  period  of  14  y(»ars,  from  1872-1885,  inclusive.  Tl 
minimum  year  was  1883,  when,  with  32.55  inches  of  rainfall,  1-- 
inches  ran  off.  The  record,  however,  of  the  year  1883  is  that  of  II< 
yoke,  Mass.,  the  years  1882  and  1883  not  being  given  in  Mr.  Babl 
paper,  from  which  these  data  are  otherwise  taken.  For  these  yea 
the  rainfall  has  been  computed  and  is,  of  course,  apx)roximate. 

Moreover,  the  record  of  Connecticut  River  as  a  whole  can  not 
deemed  verj''  satisfactory,  either  as  regards  the  rainfall  or  the  riiu-c> 
The  run-off  is  probably  anywhere  from  5  per  cent  to  20  per  cent 
excess  and  a  considerably  larger  numl)<»r  of  stations  should  l>e  av< 
aged  to  give  safe  rainfall.  The  record  at  Ilolyoke  from  1880-18- 
inclusive,  is  considered  much  more  satisfactory,  but  unfortunate 
this  record  is  not  accompanied  bj'^  the  rainfall,  and  thus  far  the  wri^ 
has  not  had  an  opportunity  to  obtain  these. 


M  RELATION   OF   RAINFALL   TO   RUN-OFF. 

DE8C^RIPTI<>N   OF  DIAGRAMS 
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i'e  may  now  consider  a  few  of  the  large  niiral)er  of  diagranis  wlii(»h 
e  been  prepared. 

ig.  1  shows,  for  the  Upper  Hudson,  precipitation,  evaporation, 
-off,  and  mean  annual  U-riiperature  for  the  years  18H8-1800,  inclu- 
S  plotted  in  the  natural  order. 
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~^I>iaifram  »howinj?  rt'iiition  lKjtwm*ii  pn^t'lpltiiOuii^  L*v«|iMratiuii,  run-off  and  tempera- 
turo  on  the  Upper  Hudson  Biver. 
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RELATIOK   OF   RAINFALL   TO   RUN-OFF. 


Fi^.  '2  show8,  for  the  HHine  area,  evaporation  and  mean  annua 
l)erature,  plotted  in  the  order  of  the  evaporation. 

Fig.  3  showH,  for  the  Upper  (ienesee,  precipitation,  evapor 
run-otf,  and  mean  annual  temperature,  plotted  in  the  order  < 
precipitation. 
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Fi(».  2.— Diagram  Hhowing  the  rela- 
tion l>etween  evaporation  and  tem- 
lieraturo  on  the  Uppi«r  Hudson 
River,  thi»  years  lieing  arrang<»d 
a<x!onling  to  the  amount  of  evapo- 
ration. 
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Fio.  3.— Diagrram  Rbowing  the  rela- 
tion between  pre<-ipitat:on,  nin- 
oflf,  evaporation,  and  ti.*mperature 
on  the  Upper  Geneeee  River,  the 
yt^ars  being  arranged  in  order  of 
dr>'ne88. 


rnsi] 


DESCRIPTION    OF   DIAGRAMS. 
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Fig.  4  shows,  for  Sudbury  River,  precipitation,  evaporation,  run-off, 
d  mean  annual  temperature,  plotted  in  the  natural  order. 
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-Diagram  showing  the  relation  botwecm  precipitation,  evaporation,  run-<»flf,  and  tmi- 
IHsrature  on  the  Sudbury  River,  Mas8achaHett«t. 
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RELATION    OF    RAINFALL   TO    RUN-OFF. 


On  fig.  5  we  have,  for  the  same  stream,  precipitation,  evaporatit 
run-off,  and  mean  annual  temperature,  plotted  in  the  order  of  ' 
precipitation. 
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Fio.  5.— Diagram  showing  relation  botwtHjn  precipitation,  evaporation,  run-oflf,  and  tem; 
tur©  on  tho  Sudbury  River,  MassachuBctts,  the  years  bein^r  arranged  in  order  of  dryne 


DESCRIPTION    OF    DIAGKAMS. 
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On  fi^.  0  we  have,  also  for  Su(ll>ury  River,  e vai>orat  ion  and  mean 
annual  temperature,  plotted  in  th<»  order  of  the  evaporaticm. 

Fi^.  7  shows,  for  the  Muskingum  liiver,  precipitation,  evai)oration, 
run-off,  and  mean  annual  temi)eratuns  plotted  in  the  order  of  the 
precipitation. 


PlO.  6w — ^Diagram  showing  the  n»lation  iK'twoen  evniK)ra- 
tion  and  temperaturo  on  the  Sudbury  Iiiv(»r,  tho  yours 
l>eixiK  arranged  acconliiiK  to  tho  amount  of  evaiM)rii- 
tion. 
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Fi«.  7.— Diagram  »howing  thi*  rehv- 
tioii  iH-'twoen  tho  pn^ripitation, 
run-off,  ovaiwration,  and  t^'uiiKT- 
ature  on  tho  Muskingum  Rivor, 
Ohio,  the  yetirs  bi»ing  arranged  in 
ortler  of  drynoKH. 
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RELATION    OF   BAINFALL   TO   BUN-OFF. 


[so.  80, 


Fig.  8  shows,  for  Lake  Coehituate,  precipitation,  evaporation 
run-off,  and  mean  annual  temperature,  plotted  in  the  order  of  th< 
precipitation. 
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Fi(}.  H.— Diaifram  Bhowing  the  relation  between  the  precipitation,  evaporation,  mn-oflf,  ar 
temperature  in  the  Lake  Cochituate  Baain,  the  yoar^*  being  arranged  in  order  of  dryne». 
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Fig.'D  shows,  for  Lake  Coehituate,  evaporation  and  mean  annual 
temperature,  plotte<l  in  the  onlor  of  the  evaporation. 
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Vio.  9.— Diagram  Hhowinf?  tho  relntion  between  ova]M>riiti(>n  and  temperatun^  in  the  Jj^ike 
Ooehltuate  Basin,  the  ye^rs  beint;  arran^ni  aci^ordiuK  to  the  amount  of  evaxMjratiou. 
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RELATION    OF   RAINFALL   TO   RUN-OFF. 


|xo.«0. 


On  li^.  10  tlh^  n»lati<>ii  lM»t\v(H»n  ])r(M*ipitHtioii  aiul  riiii-ofl*,  fur  the 
irpixM*  IIikIsoii,  has  1mu*ii  <»xi)rosH(»<l  by  t.ln*  foriiiulH  l*-=S-4.5  U.  These 
(iia^rains  (lijrs.  I  to  10)  all  show,  toj;:etli(»r  with  many  <)tliei*s  not  here 
published,  that  ther<»  is  no  (lefiiiite  i*elation  l)etween  evaporation  and 
mean  annual  temperature. 
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Fui.  1(J.    Dhitcram  showiiijf  t ho  relation  l>etween  th<' pr«<*ipitatiou  ami  run-off  in  iii«"hi's  on 

tht'  UpiM^r  HudHon  Rivor. 


BBTAILfl   CONCESNINO   TABLES   AND   DIAGBAHS. 
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I 


K-\PnNKNTlAL   KU KM  ITLA, 

On  fi]^.  II  thi»  reUitlaii  is  oxpn^stiicHl  hy  an  expuiit*ntiAl  fonuithv,  after 

I  the  manner  proposed  by  Mr.  FHzOt^mM  in  hm  paiK^r,  *'  Flow  of  wat^sr 

I  in  4i?*inch  pipes."'*    Such  a  curve  has  the  advantage  thai  it  is  the 

ibent  approxiiTiatioii  pfissible  to  abtani  from  the  given  data.     It  will  he 

noticed  that  it  differs  slightly  (mm  the  curve  of  fig.  KX     At  llO  inches 

.ramfall  this  difference  amounts  U)  about  L3  inches  of  ruu-<ifT. 

While  on  the  subject  of  exiK)nentiftl  formulas  it  may  be  remarked 
Itliat  their  chief  advantage  lies  in  the  poftsibility  of  taking  any  set  of 
dflta  and  deducing  the  curve  which  In^st  stiits  the  conditionK* 
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Fio.  11.— I>iatn*m  showing  the  relation  between  the  precipitation  and  run-off  in  incbos  on  the 
Upper  Hndwm  River,  t^xpresseil  by  ex)x>nential  formula. 

DESCRIPTION   OF   RUN-OFF  1)IA(*RAMS. 

Fif?.  12  is  a  run-off  diagram  of  Iludsoii  and  Genesee  rivers,  Hudson 
River  for  1888-1001,    inclusiv(s   and   Genesee  River  for  1S9()-1898, 


"TranM.  Am.  S<>«-.  (\  E.,  Vol.  XXXV,  p.  :i41. 
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RELATION   OF   RAINFALL  TO  BUN-OFF. 


€^  fc  '^  *i 


|H 


111  preparing  this  ami  the  following  diagraiUK  it 

sidered  that  if  b 
off  and  preci 
were  correctly  n 
the  points  wo 
in  a  regular  ei 
proximately  lik 
shown  on  figs. 
11.  Such  diagrj 
therefore  Ire  tal 
criterion  of  the  f 
with  which  the 
tions  have  l)eei 
It  is  easier,  ho\^ 
measure  the  run 
it  is  to  measure 
cipitation,  and 
when  large  varii 
curs,  as  it  does 
several  diagra: 
may  first  look  : 
the  precipitati 
ords.  As  rega 
Hudson  area, 
been  the  writer'.* 
to  take  the  rai 
tlie  northern  pi 
the  State  weathe 
as,  on  the  whc 
representing  the 
of  the  Upper 
area.  With  th< 
tion  of  the  yei 
and  1900  the  p 
fall  within  from 
to  an  inch  and 
of  the  cui-ve. 
two  years  hav 
ever,  been  comp 
a  less  accurate 
than  the  pre 
ones.  It  is  coi 
therefore,  that 
from  1899  and  : 
curves  i^eprese 
rainfall  and    ru 


Hudson  and  Genesee  rivers  'w\l\i  coii^\OL^^^\v\^  «c^^\«ws^ . 
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DESCRIPTION    OP   RUN-OFF    DIAGRABI8. 
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Fig.  13  shows  in  A  similar  inauuer  a  run-off  diagram  for  Muskingum 
iver  from  1888  to  1895,  inclusive. 
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RELATION    OF    RAINFALL   TO   RUN-OFF. 


Fi^.  14  is  H  Hiiiiilar  <liagniiii  for  PaHsaic  Kivt^r  from  1877  t 
inclusive. 


fna.] 


DESCBIPTION   OF   RUN-OFF   DIAGRAMS. 


^^K.  15  is  H  siinilar  (liap'Hiii  of  Sudbury   Rivor  fnnu   1875  !.<»  UKH), 
i^iliisivo. 
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RELATION    OF   RAINFALL   TO   RUNOFF. 


Fig.  16  is  a  diagram  of  the  revised  gagings  of  Croton  Rivei 
1877  t-o  1890,  inclusive 
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DESCRIPTION    OF    RUN-OFF    DIAGRAMS. 
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The  maximum,  minimum,  and  mean  run-off  may  be  obtained  from 
^^  tabulations  on  each  figure  except  for  Passaic  River. 

It  is  evident  that  proceeding  in  the  same  way  as  for  the  foregoing 
^^agrams,  figs.  12-16,  inclusive,  diagrams  may  be  prepared  for  the 
storage,  growing,  and  replenishing  periods,  and  a  curve  drawn  from 
^hich  the  run-off  for  a  given  rainfall  may  be  taken. 
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'-  17.— Diagium  showing  the  relation  between  precipitation  and  mn-oflf  in  the  Upper  Hudson 
River  Basin  during  the  storage  period. 

I^ig.  17  is  such  a  diagram  for  the  storage  period  on  the  Upper  Hud- 
^  River  for  the  years  1888-1901,  inclusive.  This  diagram  shows 
^t  aside  from  the  years  1890  and  1804  tlio  rnn-offs  of  this  catchment 
*^a  were  substantially  accurate  during  the   storage  period.      It  is 
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la.  18.— Diagram  showing  the  relation  between  the  procipitatiou  and  nin-oflf  in  the  Upper  Hud- 
son River  Basin  during  the  growing  i)eri()<l. 

robable  that  in  these  two  years  their  accuracy  may  have  been  inter- 
jred  with  bj'  ice,  although  just  the  cause  is  not  definitely  known — 

may  have  Iwen  in  tlie  rainfall. 

Fig.  18  is  a,  similHv  diagram  for  the  Vppev  \\u(\v>o\v^\nv^\  vS>3cc\\v%*^^ 
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RKLATION   OF   RAINFALL   TO   BUN-OKF. 


[»c 


growing  i)eriod  for  the  same  years.     This  diagram  shows  thai  as 

from  1897,  the  run-ofts  were  sulistantially  right  during  this  period 

Fig.  10  is  a  similar  diagraui  for  the  Upper  Hudson  River  during 

replenishing  j>eriod  for  the  same  yeans.     This  diagram  shows  that 


30 


20  < 


UPPER    HUDSON    RIVER 
Replenishing  period 


Precipitation  in  inches 
10  15  20 


25 


30 


Picj.  VX    Diaf^ram  showinK  tho  prinniiitation  an<l  run-off  in  the  Uppt'r  Hmb^cm  River  Ba^in  < 

ing  the  n'plenishinK  iwrirxl. 

181M)  and  1000  lliere  was  a  discrepancy,  which,  as  in  tlie   previc 
cases,  was  presumably  in  the  precipitation  of  that  period. 

Fig.  20  is  a  similar  <liagram  for  the  storage  perio<l  of  Sudbii 
River.  The  observations  in  this  case  are  so  scattering  that  we  in 
safely  conclude  that  ice  plays  a  very  important  part  in  the  discoi 
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Fig.  30. 


-Diagram  showing  the  relation  between  precipitation  and  run-off  in  the  Sudbury  R5 
Basin  during  tlie  jjtoi-age  jwriod. 

ancy  of  Sudbury  River  obscirvations  during  the  storage  period.    Tl« 
is,  however,  during  the  earlier  years,  a  lack  of  complete  precipitat: 
observations  on  the  Sudbury  eaUAwvwwt)  avea.»  although  it  is  not  <^ 
sidered  that  this  is  a  very  \\\\\>oYV<\\\\,iivv\\^^.,  iw 'Oci^^c^^swvLlkat 
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DESCRIPTION    OF   RUN-OFF   DIAGRAMS. 
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jTowing  Hiid  replenishing  periods  on  this  stream  show  much  better 
results  than  the  storage  period.  The  most  probabh»  assumption, 
therefore,  seems  to  be  the  disturbing  effect  of  iee  in  the  storage  pi»ri(Kl. 
Fig.  21  is  a  similar  diagram  of  Sudbury  River  for  the  growing 
period.  With  the  exception  of  tlin?e  years,  the  observations  for  this 
period  are  verv  reliable. 
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'lo.  ^n.-Diauram  iihowinK  Uie  relation  iM'twwn  precipitation  and  mn-off  in  the  Sudbury  Kiver 
Batdn  during  the  ^rrowintc  iM^riod. 

^g-  22  is  a  similar  diagram  of  Sudbury  liiver  for  tlio  replenishing 
Pcnod.  In  this  case,  the  observations  are  all  good  except  for  one 
year. 

J^roceeding  on  similar  lines,  the  wril^»r  prepared,  several  yearfs  ago. 
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■^^Mrram  Bhowinif  the  relation  Ix^tween  precipitation  and  nin-off  in  tin*  Sudlmry  River 
Rasin  durinjc  the  rcplcnishin^r  iH'HtMl. 

^^^    of  curves,  from  which  the  monthly  run-olTs  may  b<^  lak(»n. 
.^  ^fortunately,  owing  to  negative  evaporation    in   the   storage 
^  t.lie  individual  months  of  that  period  were  so  diseoiilanl  as  to 
Xinsatisfaetory.     Thiy  writer,  therefore,  do<i»\\o\.v;v^vi  ^\v§  ^swvfSv 
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diagraiiiH  in  this  connection.  His  present  view  is  that,  for  the  reasoi 
stated,  they  can  not  be  safely  used. 

Fig.  23  is  a  section  of  Mechanicville  dam,  over  which  the  gaging! 
of  Hudson  River  have  been  made. 

One  or  two  general  conclusions  of  some  interest  may  be  drawn  from 
figs.  12-10,  inclusive.  For  instance,  taking  the  extreme  low  water  as 
n^presented  by  the  year  1605,  on  Muskingum  River,  at  4.0  inches  for 
the  whole  year,  with  a  rainfall  of  20.8  inches,  it  is  interesting  to 
observe  that  in  the  preceding  year  of  1894,  there  was  a  total  run-off 
of  8.7  inches,  with  a  total  rainfall  of  30.5  inches.  That  is  to  say,  the 
rainfall  for  the  year  1804  was  0.7  inch  greater  than  in  1805,  but  the 
run-off  was  3.8  inches  greater.  This  extreme  difference  may  be 
ascribed  to  the  difference  in  the  height  of  ground  water.  In  1895, 
ground  water  stcxxl  much  lower  than  in  1893,  with  the  result  of  a 
lower  run-off. 


Fi<i.  2ii.  -SiHTtion  of  MochanicviUe  dam. 

On  fig.  12,  with  a  precipitation  of  30  inches,  the  run-off  is  found 
to  be  <)  inches,  while  on  hg.  13,  with  a  precipitation  of  30  inches,  run 
off  ordinarily  may  be  expected  to  be  about  8  inches.  This  stateraoni 
is  made  on  the  aasumption  that  the  curve  is  drawn  in  a  mean  pt)si- 
tiou,  or  in  such  a  way  as  to  give  average  mean  results,  but  it  shouM 
not  Ix^  overlooked  that  Muskingum  Riv^er  observations  are  too  few  to 
draw  absoluti^  conclusions.  The  diagram,  fig.  13,  shows  that  therein 
some  lack  of  accuracy  in  at  least  one-half  of  them. 

Fig.  12  shows  that  on  Hudson  River,  if  during  any  year  the  total 
rainfall  should  sink  to  30  inches,  the  run-off  may  be  expected  to  be 
somewhat  less  than  10  inches,  though  the  modifying  effect  of  fuW^^ 
low  ground  water  may  be  taken  into  account  in  i*eaching  such  con* 
elusion.  Pi'obably  there  would  be,  due  to  elevation  of  ground  wat^? 
a  variation  of  perhaps  2  \uc\\eft. 


m«l  SUMMARY.  81 

On  the  diagram  of  PasBnic  Kiver,  tig.  14,  30  inches  of  precipitation 
licates  14  inches  of  run-off.  This  is  very  high,  and  shows  that 
rther  study  of  the  Passaic  is  needed  l)eforc^  one  can  safely  accept 
?  results  as  entirely  reliable. 

On  the  diagram  of  Sudbury  River,  fig.  15,  a  pwcipitation  of  30 
?hes  may  be  expected  to  jiroduce  a  run-off  of  about  7  inches,  show- 
j  that  this  stream  is,  as  regards  run-off  characteristics,  very  ('losely 
led  to  Grene«ee  and  Muskingum  rivers. 

)n  the  diagram  of  Croton  River,  fig.  10,  it  is  also  seen  that  30 
?hes  precipitation  may  be  expected  to  produ<^e  a  little  less  than  7 
hes  of  run-off,  showing  also  that  this  stream  has  substantially  the 
iracteristics  of  Genesee  River. 

n  all  of  the  foregoing  statements  as  to  minimum  run-off,  it  should 
understood  that  the  actual  quantity  appearing  in  the  stream  as 
i-off  from  a  given  precipitation  will  vary,  depending  on  whether 
und  water  is  high  or  low  at  ilu^  beginning  of  the  period  considered, 
such  statements,  thei'efore,  an^  necessarily  api)roximatc* — they 
y  have  a  plus  or  minus  variation  from  the  diagram  of  one  or  two 
hes. 

n  order  to  assist  the  discussion,  the  following  summary,  which 
ludes,  it  is  believeil,  the  more  important  points  of  the  paper,  is 
•ewith  submitted : 

.  There  is  no  general  expression  giving  accurately  the  relaticui  of 
nfall  to  run-off.  The  run-off  of  a  stream  is  influenced  by  so  many 
nplex  elements  that  the  data  are  lacking  for  final  conclusions. 
ery  stream  is,  in  effect,  a  law  unto  itself.  An  empirical  formula 
^y,  however,  be  made,  which  will  giv(»  for  some  streams  approxi- 
^tely  the  run-off  for  a  series  of  years. 

2.  The  cause  of  rainfall  is  not  very  well  understood,  although  there 
one  principle  upon  which  there  is  no  disagreement — that  in  order 
produce  rain,  the  temperature  of  the  air  must  l)e  cooled  below  the 
w  point. 

3.  The  errors  in  rainfall  measurements  are  so  large  that  oiw  may 
fely  state  that  nearly  all  measurements  are  merely  approximations. 

4.  In  view  of  the  foregoing  proposition,  to  carry  rainfall  measure- 
ents  out  to  more  than  one  decimal  place  is  an  unnecessary  refine- 
ent. 

5.  As  a  general  statement  the  minimum  rainfall  may  be  placed  at 
om  one-half  to  (me-fourtli  of  tlu*  maximum. 

^>.  It  is  uncertain  wh(»th(^r  rainfall  is  in  any  dejjcree  increasing. 

7.  In   England   there    is  sometiiiu^s   an    increa.se  of   rainfall  with 

crease  of  elevation,'*  but  in  the  United  States  the  areas  are  so  large 

See  remarkn  of  H.  Somcrby  Wallis  on  this  point  in  Monthly  Weather  Review  for  April,  1902, 
888. 
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that  a8  »o<»ii  as  one  got»8  away  from  the  influence  of  the  ocean  ve 
frequently  this  peculiarity  does  not  appear.  In  a  very  large  numt 
of  cases  the  reverse  is  true. 

8.  Contours  can  not  be  satisfactorily  drawn  on  a  rainfall  map 
the  Stat^  of  New  York  until  we  have  a  larger  number  of  stations  a 
longer  i)eriods  of  observation. 

0.  Rainfall  and  run-off  records  are  conveniently  divided  into  st( 
age,  growing,  and  replenishing  i>eriods,  such  division  facilitating  coi 
putati(ms  and  bringing  out  the  salient  points.  A  large  percentage 
the  total  water  supply  runs  off  during  the  storage  i)eriod. 

10.  ^Vssuming  that  a  rainfall  record  is  accurate,  it  should  cov 
about  thirty-five  yeai*s  l)efore  it  can  be  relied  nx>on  within  2  per  cer 
As  to  a  run-off  record,  tlie  number  of  long  records  are  as  yet  too  ft 
to  furnish  satisfactory  answei*s  to  questions  concerning  run-off. 

11.  The  best  unit  of  measurement  is  cubic  feet  per  second,  and  tl 
next  best  is  inches  on  the  catchment  area. 

12.  The  run-off  of  sti-eams  has  been  generally  overestimated.  Tl 
minimum  flow  maj'  be  as  low  as  from  0.05  to  0.1  of  a  cubic  foot  p 
square  mile  per  second.  Streams  issuing  from  sand  plains  may  she 
from  0.5  to  0.6  of  a  cubic  foot  per  square  mile  per  second.  GreneralJ 
speaking,  the  range  will  not  be  outside  of  from  0.05  to  0.5  of  a  cub 
foot  per  square  mile  per  second. 

13.  As  regards  run-off,  streams  may  Ije  divided  into  classes,  in  th 
firat  of  which  will  fall  streams  with  a  maximum  rainfall  from  50  to  6* 
inches  and  with  a  maximum  run-off  somewhat  more  than  one-hftl 
the  rainfall,  etc.  They  may  be  also  classified  with  regard  to  evapora 
tion,  as  will  be  noted  further  on. 

14.  The  run-off  of  streams  can  not  l)e  satisfactorily  estimated  fron 
diagrams  of  monthly  rainfall. 

15.  The  run-off  of  a  stream  is  materially  influenced  by  the  nuiiibei 
of  lakes  within  its  catchment  area. 

10.  (Tcnerally  speaking,  maximum-discharge  formulas  are  unsatin 
factory  guides  and  are  hai-dly  worth  the  trouble  their  iise  entails 
Exceptions  to  this  may  ])e  taken  in  the  use  of  Dickens  and  Ryves'J 
formulas. 

17.  Safe  deductions  can  not  be  made  from  an  average  runoff 
What  is  wanted  is  a  clear  stat-ement  of  the  minimum,  together  witli 
the  longest  period  which  it  may  be  expected  to  occupy. 

18.  There  is  very  serious  danger  in  using  percentages. 

19.  The  influence  of  the  Ma}'  rainfall  is  such  that  when  above  th( 
normal,  stream  flow  is  likely  to  be  well  maintained  during  the  summer. 

20.  As  regards  delivery  of  streams,  what  is  wanted  in  a  stream  i-' 
as  large  a  ground  flow  as  possible,  with  small  evaporation. 

21.  When  rainfall  is  below  the  mean  for  several  months,  gronnd 
water  may  be  expected  to  become  continuously  lower,  with  the  result 
tbHt  the  flow  of  streams  will  bo:  less. 
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2i.  The  ruu-off  of  8li*eamK  will  vary  with  tlio  veUHjityof  wind,  pivH- 
sure,  force  of  vapor,  etc. 

23.  For  individual  HtreaniH  an  exponential  formula  is  undoubtedly 
the  best.  By  its  use  the  given  data  may  be  more  closely  I'epresented 
than  in  any  other  manner. 

24.  Annual  run-off  diagrams  may  l)e  tiiken  as  a  criterion  as  to  the 
accuracy  with  which  the  observatiouH  have  been  made. 

25.  When  a  run-off  reconl  is  given,  without  the  rainfall,  the  rain- 
fall may  be  computed  by  assuming  the  evai>orati(m  and  making  a 
series  of  approximations. 

26.  The  run-oflp  of  streams  with  very  grt^at  difference  in  size  of 
eatehment  areas  may  be  experimentally  compai'ed. 

27.  The  extreme  low-water  period  may  extend  ovei*  at  least,  two 
years  an<l  occ^asionally  over  three  years. 

28.  In  order  to  clarify  the  whole  matter  of  stream  gagings,  what  is 
wanted  in  the  future  is  a  bric^f,  explicit,  statement  of  just  how  the 
Btreaoi  was  measured,  thus  enabling  hydrologists  to  judgo  of  the 
•ccuracy  of  the  methml. 

29.  There  is  considerable  variation  in  weir  me^isurements,  due  to 
fonu  01  weir  alone.  The  formula  for  a  sharp-crested  weir  can  not  be 
•pplied  to  any  other  form  without  large  variation. 

30.  The  several  diagrams,  as  well  as  the  evaporation  formula,  show 
ftat  there  is  no  relation  between  (evaporation  and  mean  annual  tem- 
perature. 

31.  The  laws  of  evaiwration  are  exhibited  in  the  chapter  on  ''  Evapo- 
fation  relations,"  by  Professor  Tate. 

32.  Evaporation  is  a  persistently  uniform  element.  Tlir  tondeney 
^  to  remain  at  about  the  same  figure  from  year  to  year. 

•i3.  In  addition  to  the  classification  of  streams  with  reference  to 
'^infall,  those  with  large  evaporations  may  Ih»  placed  in  a  class  by 
themselves. 

34.  Streams  with  large  evaporation  are,  so  far  as  known,  always 
^©forested. 

35.  Negative  evaporation  exists  on  all  the  streams  included  in  the 
^bles.  When  negative  evaporation  exceeds  moix^  than  two  consecu- 
^ve  months  there  is,  generally  speaking,  some  doubt  about  th(»  iwrxi- 
^^y  of  the  record. 

36.  The  ground  water  must  be  taken  into  account  in  order  to  under- 
stand all  the  peculiarities  of  flow.  A  very  important  effect  of  forests 
^*  in  increasing  the  ground- water  flo>v. 

37.  It  is  uncertain  whether  diflferenc^e  in  geology  has  much  influence 
^U run-off,  although  it  appears  that  porous,  sandy  soils  do  considt^rably 
effect  the  result.  There  an*,  however,  a  number  of  cases  which  indi- 
^te  that  it  may  have  important  influence,  although  an  examination 
^^  the  evidence  shows  that  the  theory  that  forests  materially  influence 
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the  riui-off  is  more  reasonable  thau  that  percolation  through  geologic 
formations  exercises  much  influence. 

38.  So  far  jis  present  information  goes  there  is  little  or  no  relation 
iKJtween  topography  and  tlie  run -off  of  streams.  Deforestation 
appears  to  exercise  a  much  more  important  influence. 

30.  It  is  uncertain  whether  forests  in  any  way  influence  the  ({uau- 
tity  of  rainfall. 

40.  The  extent  of  forestation  seems  to  have  considerable  effect  on 
the  run-off  of  streams,  catchments  with  dense  forests  showing  larger 
run-off  for  the  same  rainfall  than  those  which  are  deforeste<l.  Asa 
tentative  proposition  it  may  be  said  that  the  removal  of  forests  notably 
decreases  stream  flow. 

41.  The  effect  of  forests  is  clearly  shown  on  Hudson  River. 

42.  Catchment  areas  from  which  municipal  water  supplies  are 
drawn  should  be  heavily  forested.  This  is  a  broad  proiwsilion 
merely. 

43.  If  the  C'roton  catchment  area  had  growing  upon  it  a  forest  from 
one  hundre<l  to  (me  hundred  and  fifty  yeara  old  there  would  probably 
be,  on  an  average,  about  5  inches  more  annual  run-off  then  there  is 
under  present  conditions.  Nevertheless  it  would  not  bi»  a  good 
investment  for  the  city  of  New  York  to  reforest  this  area,  for  the 
reason  that  the  gain  in  water  supply  would  not  be  commensurate 
with  the  expense. 

The  foregoing  summary  indicates  a  large  number  of  factoi-s  which 
in  sonu^  degree  affe(*t  the  run-off  of  streams.  Moreover,  only  the  main 
factors  have  been  noted;  there  are  many  more  of  less  importance. 

There  is  a  large  amount  of  useful  information  on  the  general  sub- 
ject of  the  relation  of  forests  to  rainfall  in  Bulletin  No.  7  of  the  For- 
estry Division  of  United  Stat^*s  Department  of  Agriculture — Forest 
Influences — which,  since  that  bulletin  is  readily  obtained,  has  not  been 
specially  referred  to  here. 

Finally,  this  paper  is  an  attempt  to  est^iblish  a  more  rational  theor}' 
of  the  relation  between  rainfall  and  run-off  of  streams  than  has  thus 
far  obtained. 
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Storage '    19.83        9.72 

Growing 16.04.      2.61 

Replenishing j    11.96  j      5.65  i 


10.11 
13.43  I 
6.:i[)  ! 


14.57 
14.33 
10.75 


Year 


47.8 


17.98  ;    29.84       39.65 


1872. 

10.81 
3.01 
4.38 


1873. 


17.70 


4. 26 

22.19 

18.52 

:i67 

11.32 

8.65 

1.54 

7.11 

6.37 

12.58 

3.20 

9.« 

21.95  ; 

43.42 

23.2S 

au6 

Storage |    23.74 

Growing 12.:«)  i 

Replenishing |      8.68  I 


1874. 

22.86 
2.77 
1.60 


0.88 
9.53 
7.  OH 


17. 10  I 
16.45 
10. :«  , 


1875.  I 

14.81  I  2.29  j 

5.86  '  10.59  ' 

3.41  :  6.92  < 


22.64 
7.14 
10.11 


I 


I 


J 


1876. 

19.89 
1,07 
1.35; 


175 

8.07 

8.7» 


Year 44.72      27.23  i    17.49       43.88       24.08  I    19.80      39.89,    22.31       1"38 


1877 


Storage '    17.49       12.:«        5.13 

Growing 13.17  .96  |    12.21 

RepleniHhing 18.46        5.49  i    12.97 


1878. 

20.99       14.19  I      6.80  25.17 

11.29        2.57  8.72  18.09 

16.72  I      5.01  1    11.71  6.96 


1879. 

20.81  I 
2.63  I 
l.«^' 


4.» 
15.46 

5.* 


Year 


.      49.12; 

I  I 


IS.  81       :«.31       49.00  1    21. 


27.2:^      5»).22  i    25.«       34* 

I  I  . 


Storage 19. 78  , 

Growing 11.42 

Re])leniHhing 7. 57 


1880. 

12.19  I 

.68  j 


7.59 
10.74 
6.73 


Year 


38.77 


13.71  ,    25.06 


1 


1881. 

24.53  1 

14.79 

9.74 

9.61 

1.95 

7.66 

8.96 

.97 

7.99 

43.10 

1 

17.71 

25.39 

1883. 


Storage 1».(W      11.:^ 

(Growing 12. 1(»        \.m 

Replenishing 10.41  '      1.28 


I 


7.615 
11.01 
9. 13  ' 


24.81 
8.01   I 


Ymr 41.54  1     13.74       27.80, 


1882. 

27.91  :     16.85  n** 

9.U<        2.06  I  ^^' 

19.10  I      6.21  1^* 

56.04       25.12  I  ** 


llOl 


1884. 

1885. 

16.85 

7.96 

21.86 

15. :« 

2.34 

13.38 

12.89 

.88 

i.«i 

6.14 

12.23 

2.ffi| 

21.06 

27.48 

46.98 

19. 16 

Storage 25. 45 

Growing '    11. <W  | 

Replenishing 9.82 


1886. 

18.16 
1.53 

1.2:^ 


7.29 
10. 15 
8.59 


V'Hiir 46.95      'A\n  \   '}f^.(^ 


2:^(16 
24. 75 

7.78 


1887. 

16.44  I 
6.71  j 
2.60  ! 


1888. 

6.6] 

a).:« 

21.74 

18.  (K 

11.25 

2.63 

5.18 

18.76 

8.23 

55.58       25.75       29.83  I    60.34 

\  ' 


32.60 


11).  53 
27.74 


TABLES.  87 

ABl.K  No.  li.—Crotfni  Hirer.  IHilS-lSUU,  inclmtivr — (^ntinned. 


'\(h\. 


1K8».  IWO. 

Rain-  ]  Run     Evapc>-|  Rain-  '  Run- 
fall,        off.      ration.;    fall.        off. 


.-      H.U) 

17.:J7 

r      .        ..  -      i«.«^ 

...      58.«) 

—  -    - 

--    22.  a^ 

i.v:f7  1 

f 

...    io.:«) 

...      48.60  ' 

16.86 
6.49 
8.70 


1«.55 
11.  U) 
9.54 


12.87 
2.60 
2.31 

17.78 

1895. 

14.78  I 
1.05  I 
1.27  i 


5.54  !    25.81       19.10 


10.88  j 
10. 13 


13.81  , 
14.60 


2.51  j 
7.0B  , 


Eyapo- 
ration. 


6.21 
10.80 
7.68 


Rain- 
fall. 


996.66 
11. » 

7.78  I 


1891. 


Run- 
off. 


21.22 
1.14 
1.11 


!  Evapo- 
ration. 

5.44 
10.12 
C67 


:e.(r>     26..'i5 1 


1892. 


t.22      38.68      24.60,    45.70      23.47 


22.23 


10.06  ' 
12.77 


1893. 

27.34  I    21.41 
12.39  I      1.84 


1894. 


.99  ,    U.<« 


3.51 


5.98  ! 

10.56  I 
7.57 


28.24 
7.96 
17.06 


16.66 
1.82 
4.41 


7.60 
6.18 
12.64 


30.82  :    50.81  I    26.76      24.06       48.24  I    21.88  , 


I 


4.77 
10. 14 

8.27 


24.84 
12.25 

11.27 


1896. 

18.01 
2.08  I 
3.13  i 


10.: 


20.66 
20.79 
8.76 


4i».28       17.10  I    2:^.18 


48. :«  '    23.17 

I 

1898. 


8.14 
25.19  I    60.10 


.!    28.81 

13.36 
.59.34 


20.08  I 
4.83  I 
3.99 


_   J 

8.78  I  22.66  I 

12.34  I  12.19' 

9.37  10.37 


1807. 

14.64 

6.93 

2.73 

-        -i- 
24.80 

1899. 

21.38  ! 
1.67  i 
1.96  ! 


26.86 


5.91 
13.86 
0.06 

26.80 


1.28 
10.62 
8.41 


28.90      30.44       45.22  ,    24.91  i      20.31 


Mean  1868-1876,  in-     |     Mean  1877-1899, 
elusive.  elusive. 


21.51 

"11.88 ; 

11.61 


16.46 
2.91 
4.00  , 


5.06 
8.97 
7.61 


23.68  I  16.83 
13.58  '  2.57 
12.08  ,      3.42  I 


in- 

6.85 
11.01 
8.66 


Vi.W  I    2:137       i\.m  I    49. .33      28.81  |      26.52 
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BELATION   OF   BAlNFALL   TO   BUN-OFK.  [^o.m. 

Table  No.  A.—Uth'  (UK^hitnaie,  h'^fiS-lOOO,  inchmivv. 
[Oatcbiiifnt  ar«-H  -  IK.W  H({iiar(«  mile**,  not  imrlndinf^  catchment  of  Dudley  Pond:] 
1M6:{.  1854.  \mt. 


P«»riod. 


Rain       Rnn     Eyap<v!  Rain-      Ran-    Bvapo-    Rain-     Ran-  |EraiK»- 
fall.«      fiflf.      ration,     fall.        off.      raticm.     fall.    ]     off.    |  ratiau. 


Storage '    29.49       16.31       13.18       24.70       14.44       lO.ai      2».«3       1T.#        I*.a> 

OroMring 21.71        5.15       1«.5«        5.20        1.5H        3.«2        7.37  1      1.27'      8.10 

RepleniMhinif 16.49        5.25       11.24       13.47,      3.1"!    10.30      13.43  1      2.15,     11.2s 


Year «7.«»      28.' 


411. 9K       43.37       19.19       24.18       5r).4:{      20.70       29.73 


1867. 


1888. 


Storatfe 22.87        9.*       13.49      27.(^5    16.47       10.55  |    ZUft 

QrowinK 22.13        2.W       19.19      2l).67  |      3.34       17.:e  |     12.49 

RepleniHhine 16. 31        3. 26       13. 05       10. 9H        2. 4;i        8. 55 


Year 61.31       15.5S       45.73      5^.67  I    22.44      38.43 


15.  a5 
51.16 


16.95 
3.22 
4.76 


6.0: 

9.?: 

10. « 


24.  m       26.23 


Storafjre 28.91 

Growlnsr 8.65 

Replenishing 21.25 


YcMir. 


58.81 


Storajft^ 14.51 

Growing 19.58 

RepleniHhinK 14. 20 

Year 48.29 


18<!W. 
12.83 

2.:» 

4.77 


1872. 

8.88 
2.95 
5.39 


1875. 


16.«I8 
6.28 
16.48 


:J6.60 
9.18 
13.00 


1870. 

23.  ?i 
1.91 

2.86 


-I-- 


12.78 
7.27 
10.15  , 


19.77 
11.72 
13.85 


1871. 

10.19'  9.58 

2. 15  I  9.5: 

2.38  11.4' 


19.  W)       38.82       58.68       28.48       af).20       45.34       14.72       * « 


5.6:i 
16.63 

8.81 


2i>.m  j 
11. 6:? 
13.27  I 


I 


1878. 

18.51 
2.47 

4.6H  . 


1874. 


1.49 
9.16 
8.50 


20.76  i  16.23, 
12.78  3.«3  ■ 
4.ft4        1.63  ! 


4.8 
8.» 


17.22       31. (C       44.90  I    25.66       19.24       :».18l    21.69  1     16.<9 


1876. 


1877. 


StoraKo 17.80'    10.76 

Growing 15.:M        2.:« 

Repleninhin); 13. 11        3. 75 


T.m 

12.  {)9  I 
9.36 


20.45 
13.28 
12.57 


14.91 
1.64 
3.22  i 


5.54 
11.64 
9.35 


21.61 


8.76  1      2.24,      «® 

15.54'    4.31^   n« 


Year ...     46.25       16.86       29.39      46.30      19.77'    26.53  I    46.91  1    22.30      23.^ 


1878. 


1879. 


StoraKo 2:J.38 

Growing 13. 74 

ReplenlHhin^ 12.36 

Yi^r 49.48      24.24       25.24       39.63  1 


19.08 

4.:« 

19.96 

2.07 

11.*17 

13.96 

3.0i» 

9.27 

5.68 

1881. 


Storage 22.23; 

Growing |     8.74  | 

RepleniHhing 8.K") 


16.83 

3.13 

2.05 

11.90 

1.98 

3.69 

ao.8i 

18.72 

1880. 

18.47  8.55  9^^ 
12.06  j  .62  U.« 
6.84       .1.86        *'^ 

'26.H 


12.74  ! 

9.49 

23.10 

12.39 

10.  n 

1.56 

7.18 

6.50 

.75 

6.76 

1.25 

7.00 

12.35  . 

2.39 

9.96 

38.87 


16.  (»  I 
5.08 
8.53 


10.73 


1883. 

8.31 
.16 
1.62 


Year 


:«.H2      \5.5r>      ^.Tx       \\.«»      Vrv53  ^    26.42 


1.28      10.(0 


8.81 
4.9C 
6.91 


20.  U 


TABLES.  89 

No.  4. — Lake  Cochifvate.  J803-JlHHf.  /iic/Msirf— Continued. 


l«H. 


imi. 


tall. 


I  i 

J    12.7tt  I 

.      r,.8jj  j 

r 

i 

I 

-  Crt.»7  I 
.      10.(15 

-I      "-^i 

.    4:j.r»r>  ; 

I  ' 

i 

17.82 

-  4M.«7  I 

J     11.01 

7.r)8 

'    4i.4:j  I 

I 


Run-    E^*ftiMi-   Ruin'  !   Bon-  'Eif»po- 
[ifT.     I  lotion,     fatL    i     aft.     I  rmtlim 


ir..7o 
l.;V4 
1.0» 


J).  09  ai.HO  I 

ll.jj:*  I  11.70 

4.  r.i  I  12.  If) 

1K.:«  I   2r).o7  ,  4«.(vr» 


1HH7, 


11. Ml  I 
.7rt 

:t.ou  ! 

15.75  ^ 
1888. 


10. ») 
10.  U4 
D.OB  , 


Ralti- 
fiill. 


24.14 
8.38B  : 
11.12 


ism. 

Ruti'  |£rapt^ 
off.      rmtiau. 


18. 117 

.57 

1.92 


I 


1880. 


19.  »1  I      7.(«  '    24.22       15.44  | 
2.H7  I      7.18  j     U).m  ,       1.94 
4.70       20.79        9.09  ' 


1.8:^  I 


I 


189(». 

17.17 
2.20 
6.29 


;.25 

I 

.53 


27. 7H 
11. H8 
9.10 


25.  W  ,    2:i01  ;    4S.51 


1898. 
12.40 

2.51 
1«).81 


I 


44  I    21.00  1 
11   I      7.79 
07  I     10.94  I 


1S1I1. 

28.21  i 
1.99 
2.88  I 

JJ2.58  I 


10.25 
1.24  i 
2.(H 


:.(ii  \   :»).73  I   ia.5:^ 


1892. 


-(».48 

21.11 

12.47 

9.89 

10.49 

1.88 

(J.  72 

9.4.') 

-■«| 

15.98 

41.  OR 

16.11 

5.17 
7.69 


:«>.90  I    48.52      21.46        22.06 


8.78  1 

21.79 

li.2n 

4.53 

8.12  1 

16.84 

0.24  1 

10. «) 

1.70  1 

14.  Wi  , 

6.a-> , 

7.91 

24.  «1       18.  SM  '    .55.07       2«.47  ;    28.60  ,    .18.19  i    mi5         28.04 


10. 75 
6.55 

8.90 

26.20 


20.18 
11.79 
18.PrfJ 


1895. 

11.29  I 
1.45 

«.it| 


.50.6:^   18.91 


8.64 
9.11 
7.17 


24.92 


8.80 
10.84 
12.49 

81.72 


7.»»»    1.55 
14.74  I   8.70 


21.21 


1897. 

1 

1898. 

4.95  1 

19.87 

11.  «r. 

8.82 

26.01 

16.15  1 

10.46 

6.14 

\2.:u 

2.  .57 

9.77  1 

12.71  i 

2  45' 

10.28 

1   ujn 

9.92  j 

2.58  j 

7.:i4  ' 

16.76 

4.26 

12.50 

1    22.18  1 

42.  la 

16.20  1 

25.  IW  1 

j 

1 

22.86  1 

:«.22 



1899. 


1900. 


22.81  i  18.38  I  8.9:^ 
8.16  I  .28  I  7.93 
10.01  I   1.6:J    8.88 


I 


I     18.01 
40.48  I    20.24  !    20.24  I    50.56 


28.80       14.09         14.21 

9.25  I      1.49  I        7.76 

1.72        10.20 


I 


18.80 


M(«n    for    5    years, 
1896-1900,  inclusive. 


.  2:160 

J  10.08 

.j  12.89 

'  46.52 


15. 18 
1.86 
2.98 

19.77 


8.47 
8.;)7 
9.91 

26.75 


Mean    for    38    yeara, 
1863-1900,  indasive. 


2:^.15 
11.59 
12. :« 

47. 13 


14.92  I 
2.08  I 


I 


8.2:^ 

9.51 


8.82  !        9.06 
20.:i2'      26.81 
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RELATION    OF    RAINFALL   TO   RUN-OFF. 


fXo.Jfl 


Tablk  N«).   'i.—Sn(Umry  Rivrr,  JSJ/i-UHfft,  iuvhiHin\ 

[f^trhinent  arwi.  1M75-1M7X,  iturluxivf    77.76  square  rnilm;  IK7iM«)-7H.jJ4  wioarf  uiileK;  IMKl-lw*. 

75.2  miUArv  milett.  J 


IHTn. 


187«. 


1«77. 


Period 


fall. 


8ti>rai^' 1».7H 

Growing l-^Si 

Repleiii«hintf 13.11 


Year 4M.ai  i    i\. 


Rnn- 
off. 

Evapo- 
ration., 

Rain 
fall. 

Run- 
off. 

Evapo-i 
ration. : 

Rain-  1 
fall.    ' 

Rnn- 
off. 

lEvapc 
ratioa 

14.  f» 

5.nu 

21.37 

20.10 

i.2r 

23.<*7 

18.71 

4.5: 

2.7H 

IS.fitt  1 

12.  W 

1.43 

11.46 

9.06 

1.61 

7  4 

3.76 

».:^r, 

12.62 

2.61 

10.01 

14.64 

3.«* 

10.V 

21.23 

27.  OU 

46.  W 

24.14 

22.74 

«.7t; 

24.00 

28.7: 

1878. 


1879. 


18H0. 


8toraK« 23.91  !  21.05 

OrowinK 13.79  1.95 

RepleniHhinK 14.73  1  4.12 

Y«ar 52.43  27.12 


2.86       2:^84 
11.84  I    14.23  , 
10.61         5.37 


21.19  ' 
1.70  i 


2.65  I    30.15 
12.53       12.42 

4.66  I      7.13 


11.19 


25.31       43.44  ;    23.61        19.83  I    89.70       12.69 


8.96 
11.59 
6.46 


storage 24.27' 

Growing 9.10  j 

RepleniHhiuK 9. 66  , 


18H1. 

15.07 
8.07 
1.35  , 


9.20 
6.(W 
8.31 


1»«. 


1883. 


5. 10 
11.96 


16.:e  i      7.66  I    16.78  ! 
1.17        3.93  I 
1.42  I    10.54 


,  I 


5.81  I 
8.9t^ 


9.70  1  7.08 
.86  I  4.« 
.84  i      ^.(^ 


Year 43.08'    19.49       23.54       41.05  1     18.92;    22.13  1    31.52       11.40  I     SOl^ 


1884. 


1885. 


1886. 


St<iraKe '    27.78       20.88        7.40 

Growing |    11.76  ,      1.58,    10.18 

RepleniHhing 5.98.        .m\      5.45 


Year 


_i 


21.90 
11.47 
12.61  I 


14.36 
1.27 

2.84  I 


7.54 

10.20  ' 
9.77  1 


24.19 
8.83 
10.78  I 


45.52      22.49       23.03      45.98  \    18.47       27.51  j    43.80  I    23.09 


1887. 


1888. 


20.75        3.« 

.72!      ^11 
1.62  I      9  1« 


I 


1889. 


Storage '  :g).28  j  22.4:} 

Growing 11.60  j  !.*» 

Replenishing 6.90}  |  l.'l7 

Year 43.80  I  24.90 


1890. 


2.85  24.98 

10.39  I  i0.16 

5.66  I  20.80 

18.90  I  55.94 


Storagt^ 24.77       2JI.87  !      3.90; 

Growing   8.as  i      1.41;      0.95  j 

Replenishing ,     17.71  !      6.94  1     10.77 


Year  . 


I 


19.53  i      5.45  I    21.14 
1.61  I      8.55  '     15.91 


10.32       10.48  ,     15.15 


31.46       24.48  ,    52.20 


18.7 


4.811     U'« 

ii.n 


29.96 
11.89 
9.:i0 


'•0.84       29.22       21.62  I    51.15 


1891. 

25.90 
1.27 
1.25 

28.42 


_i 


4.06 
10.62 
8.05 


22.78 


^i  15  j 

11. 4:^ : 

9.81 


44.88 


:10.49 


1892?. 


13.12  1 
l.ttJj 

1.82! 

16.56  I 


io.«fl 

9  81 
7.911 


tAFTiBl  TABLES.  91 

Takij!:  No.  5. — Sudbury  River,  lH76-JlKHf,  //*f/wwr— Gontinuetl. 


Period. 


Rain- 
fall. 


18eB. 

Run-    Eybixv 
off .      ration, 


j    SW.18      1S.72        7.41 

OnmInK lO.SB        1.26  j     9.10 

Rep>ni«hinK 7.i«        1.13'     6.86 


Year 44.4«      :J1.11      JS187 


Gmwing 

BepleniAhinK 


22.  ai)  , 
8. 13  ■ 
U.H)  , 


1HH6. 

1».M 
.96 

2.87 


2.66 
7.17 
11.63 


1804. 


1895. 


Rain-  '  Run-  |Evapo-!  Rain-  I  Run-    Eyaix)- 
fall.        off.     .ration,     fall.        off.      ration. 


21.94  '    12.67  i 
6.44        l.:i8 

11.41      2.:rr  ; 


9.37 
6.(W  . 
9.()4  ' 


90.52  I 
11.96  ' 
19.61 


13.77 
1.12 
7.41 


19.88 
13.41 
9.81 


13.28  I 
3.88  ' 
2.06  , 


1898. 

6.C5 

28.81 

20.65 

9.53 

14.74 

3.29 

T.rs 

16.26 

G.14 

6.75 
10.84 
12.20 


:W.79       16. :«       2:).  47  ,    52.  U9  ;    22.3r)  ,      29.79 


1807. 


6.16 
11.45 
10.12 


Year I    44.98  1    23.47      21.46  I    43.10  I    19.17-    23.9:J  |    57.81  I    30.08  i      27.73 


Storage !    22.73 

Growing '      7.16 

J^pleiiirfiinK I      »<  »2 


1899. 

22.28  ' 
.09  ' 
.90  I 


0.45 
7.07 


Year I    :JK.71      23.27!    16.44 


I 


29.13 

7.67  1 
12.89  I 


1900. 

19.12 

.46 

1.58 


49.69  I    21.16 


10.01 
7.21 
11.31 

38.53 


Mean  for  5  vearH,       Mean  for  wholo  pcritxi, 
18«G-19f;0,  inclusive.        1875-1900,  incluHive. 


tonige 24.17  1    1H.98        5.19 

»t)Wing 10.22  I      1.74        8.48 

^pleniriiinjf 12.46        2.71        9.75 


Year. 


4r).Hr>       23. 4:^  I    23.42 


23.45  17.85 
10.74  1.67 
W.m        2.96 


5.60 
9.06 
8.90 


4a.  U-)  I    22.48  i      23.56 
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RELATION   OF   RAINFALL   TO   RUN'OFF. 


TablkNo.  (y.—Myafic  Lake,  lS7S-l6'rf/i,  inclusive, 
[C/Htc'hment  ar«a-^a6.9  wiuare  inileM.] 


'  Rain- 

fHll. 

1878. 

Run- 
off. 

Evapo- 
ration. 

1879. 

1880. 

Periwl. 

Rain-  ! 
fall. 

19.42 
11.85 
5.13 

36.40 

Run- 
off. 

16.40 
2.21 
1.27 

Evapo- 
ration. 

Rain-  , 
fall.    > 

17.28 
12. :« 

6.02 

1 

35.66 

Run- 
ott. 

9.34 
1.72 
1.25 

I2.:il 

\fi 

Storage 

Growing: 

Replenishingr 

25.22  ' 

VieTi 

13.H3 

52.70 

1H.43 
2.:J7 
3.02 

23.82 

6.79 

11.38 

;    10.81 

28.88 

3.02 
9.64 
3.86  1 

16.52 

1 

Year 

19.88 

1881. 

1 
! 

1 

1882. 

1883. 

Storage  

2:116 

14.08 

9.14 

22.69 

12.47  ' 

10.22 

16.24 

7.41 

Growing 

10.11 

3.27 

6.84 

5.49 

1.38 

4.11 

5.29 

1.04 

Repleniahing 

7.85 

1.10 

6.75  , 

12.  (K^ 

1.50 

10.53 

8.93 ; 

.90' 

Year 

41.12 

18.39 

22.73 

40.21 

15.35 ; 

1 

24.86 

30.46  1 

9.44 

1884. 


Storage 24.21 

Growing '  13.21 

Replenishing 5.40 

Year !  42.82 


16.57 

7.04 

2.08 

11.18 

.85 

4.55 

19. 45 

2:137 

18K5. 

1886. 

21.35  ' 

11.03 

10.82 

24.47 

20.82 

12.35 

1.87 

10.48 

8.49 

1.21' 

13.25  1 

3.43 
16.33 

9.82 

•9.87 

1.58 

46.95  ! 

30.62 

42.83 

23.61  ' 

Storage 25.8:i  | 

Growing 14.24  [ 

Replenishing 7.59 

Year 47.66 


1887. 


17.44 
3.49 


H.39 
10. 75 


10.  (« 


I 


1.76  ,      5.83  |-    20.37 
2.(50       24.97       55.  («  ! 


1888. 

16.09  ' 
1.77 
9.03 


7.94 

8.89  I 
11.28  I 


2:117  ! 

15.09 
13.94  i 


2«J.ft5  I    28.11  ,    52.80 


Storage  

Growing 

Replenishing  . 

Year    ... 


1890. 


1891. 


17.47 

5.27    : 

4.76  I 
27.50  I 

18*?. 


24.  :i'> 

IS  m 

5.  Oil 

27.  (m 

2ri.  79 

9.28  1 

2.81 

0.47 

11.49 

1.87 

13  92 

5.14 

8.78 

9.50 

1.5« 

0.88  21.35  11.58 

9.(e  11.55  2.:fi 

7.94  8.47  i      2.08 

26.01  I     20.  W       48.66       3(1.22  ,     18.44  41.:J7  15.98 


Storage  

Growing 

Repleni.shing 


Year 


2:1  (Si 
9.55 

8.:i» 


15.42 
2.20 
1.07 


7.07 
7..T. 
6.  m 


21.;^ 

0.  m 

11.551 


41.00       19.29  I 


1894. 

11.14 
1.78 
1.85 

14.77 


1805. 


10.20  !  18.50  10.  :M 

4.91  1:1 41  l.Jtt 

9.74,  18  50  1  4.09 

24.a5  i  50.41  I  16.25 


lArriH.] 


TABLES. 


93 


Tabljc  No.  l.—Nt'Hlutmiuy  (Yeek,  isS^^-lSUif,  iuvhishn', 
[Catchment  arun^lW.H  winan)  miloH.] 
1KK4. 


Period. 


Stortge 

Orowing 

BepkmiBhing  . 


Rain- 
fall. 


25. 77 
W.7I 

7.(r> 


Run-    Evapo- 
ofT.     ration. 


:J>.B1  !      0.16  ' 
1.85       11. H8 


1885. 

Rain-  ;  Ran-  'Evapo-|  Rain- 
fall,       ofr.     ration.,    fall. 


Year 4«.5:i 


Jtorage ■    :;i.H8 

lowing 1».2« 

iepleniHhing 7.59 


.45 

1HH7. 

15.  tW 
4.4^1 
l.(« 


a».13 
10.25 
11.22 


17.85 
I.CIK 
\.7.\ 


1886. 


Run- 
off. 


lEvapo- 
'  ration. 


1H.«2      41.00      20.  m 


2.28 
0.17 
0.4» 


2B.(:i 
12.  «7 
7.flO 


21.46  j 
1.87  ; 


5. 10 
10.80 
0.94 


I 


5.»6 
14.82 
tt.5« 


20.48  I 
11. Kl 
14.18  : 


1888. 

21.17 
1.01  ' 
0.02 


20.ft4       40.88       2:ifl8  I      22.90 
1889. 


5.81 

10.82 
8.10 


22.:ti  ! 
22.42 

22.18 


ia.44  8.88 

10.  (K)  I      12.42 
12.J«'  ,        9.81 


Year --       48.7:*      21.:«)      27.H4      52.40      2S.30  i    :;4.29  '    00.92 


:S5.81 


:n.  11 


18W). 


18511. 


1892. 


torage 22.00 

•ronring 14.28 

replenishing '    10.2:j 


14.85 
2.15 


J 

torage 22.10 

•rowing ;  12.21  | 

leplenifihing 11.07  i 


18H:{. 

18.52 
1.70 
8.74 


7.21 
12.  1:J 
0.9!) 


Year i    40.57  1    20.:5^       20.24 


10.51 
7.x  J 


Year 45.44       2J.«J  !    21.48 


2:J.48 
I5.ilO 


20.08 
8.95 

ir..46 

52.08 


17.74 
2.5:j 
2.:*< 


5. 74 

i:j.:r  , 
5.70 


22.55 

11.58 

10.  i:{ 


15.  (H  7.54 

1.31         10.27 
1.94  I        8.19 


47.40       22.(J5       24.81       44.20  1     18.20  !      20.00 


1894. 

18.10 
1.82  I 
0.12 


I 
8.  .52 

7. 13  i 

10. :«  ; 


20.97 
11.41 
0.21 


18B5. 

15.84  I 
2.07 
.24  1 


-ae.io     25.98 

I  I 


1890. 


torage 20.52      11.54'      8.98 

rowing 10.80        l.(V5       9.15 

*pleniBhing 12.«i5  ,      H.41        9.24 


Year. 


V.\.V!  1    10.(50 


18»8. 


19.28  I 
17.70  j 


1807. 

10.00 
0..50 
2.11 


27.37       M\A)\       19.21 


1899. 


5. 13 
9.34 
5.97 


38.59  I    18.15  j      21).  44 


8.68 
11.20 
6.95 

20.83 


torage 25.68  10.87  8.81 

rowinif V>.'M  \.m  10.&5 

eplenUhing 12.M)  3.:«  9.47 

Year :>0.82  21. M)  28.9:J       4.3.41       24.22 


2:109  : 

20.60 

2.50 

9.41 

1.70 

7.66 

10.91 

1.90 

8.96 

19.19 


94  RELATION  OF  RAINFALL  TO  RUN-OFF.         [ko.^^ 

Tablk  No.  H.—Perkunnen  Creek,  18SJ^1S9U,  itwluMve, 
[(^tchment  ar(»=»16eS  sqTUuv  mikw.] 

'  18H4.  I  18K5.  1HB6. 

Period.  Rain-  \  Run-  !ev«po-|  Rain-  I  Run-  lEvapo-   Rain-  1  Run-    Evapo 

fall.        oflf.    :ratiun.     fall.    '     off.    {ration.     falL        off.     mtioii. 


BtoratfH 25.25  JR.  1»  (».<»  af).47  15.29        5.18  «.(«  1».74  «.» 

OrowiuK 15.5:1        4.07  1  11.46        9.83  1  1.68        8.15'  11.76  3.35  8.41 

Replenij*hinK 7.54        1.59  6.95        9.49.  2.38        7.11  9.00  2.02  6.98 

Y«ar 48.3a  30.85  1  17.47  39.79  I  19.35  20.44  46.79:  26.11  21.<» 


1887.  1888.  1889. 


8torat<e 21.63  |    14.68  i      6.97  i  27.48  19.67  |  7.81  22.99  j  14.28  8.n 

Orowinif 17.26!      4.26  13.00  1  12.42        2.17;  10.25  2:138'  10.02 1  ia» 

RepieninhiiiK 6.70,      l.«  |      5.25  14.18        7.40  6.78  20.45,  11.81  «■« 

Yt-ar '    45.59       20.:?:'  25.22  54.08:  29.24  24.84  66.82  j  36.11  |  30.n 

1890.  1891.  1892. 


StoraK*^ I  24.68  18.15  6.58  j'  22.89  17.35  1  5.54  23.64  |  15. W  j  7.75 

Growing 14.35  :ill  11.24;  18.32!  3.25  16.07  11.06        2.38;  8.« 

Repleniwhintc 10.31  4. 52  5.79  8.15  i  2.69  5.46        9.:«  ^      2.88  687 

Year 49.:^4  S>.78  23.56  49.36  i  23.29  |  26.07  44.03  20.93  » 1« 


\¥m.  1894.  !  1885. 


Storatfe      |  22.16  17.21         4.9!>  24.:J7 

Growing 12.20  1.S2  UK38  8.77 

Replenishing 10.18  :i;«        0.85  I  15.40 

Ymr 44.54  1  22.:«  22.18  48.54 


15.77        8.60  i  2:^.22  15.51  7.71 

2.05        6.72  10. 8S  '      l.«  9» 

5.18  i    10.22  6.25  .75  3.50 

2:^.00  1    25.54  40.35  17.58  n.^ 


1896.  1897. 


Storage 19.99,    10.28!      9.73      20.00      12.37        7.® 

Growing 15.06        2.83  1    12.22'    13.69  1      3.06 1     10«1 

Replenishing 14.62,      4.19  I    10.43  ,    10.(^7,      2.2B  1      7^ 


Year 49.66,    17.28       32.38.    4176       17.n       »•* 


1898.  1899. 


Storage - 24.24       15.74        8.50,  22.79  20.49  -*' 

Growing 9.W         1.39'      8.50  1  14.12  2.46  H* 

J  11.38  4.01  ^ 

.08       27.04  !  48.27  ^  26.W  21'^ 


Replenishing \    i;i85  •      3.90        9.96  I    11.38        4.01        7* 


■| 
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Tablk  No.  \K—Tohi('h'on  (V<rA\  JSJ<4-lS!t,s\  iiiHuHhH; 
(C^Htohiuentunta  -lUB!.2Hquart)  inileii.1 


«?ri<Ml 


18K4. 


1KK5. 


itm. 

EvaiMVi 
ration.; 

Rain-  ' 
fall. 

Run- 
off. 

Evapo- 
ration. 

Si.  41  '. 

2K.&4 

27.  i» 

0.7» 

9.77 

11.10 

2.JJ7 

H.88 

7.(16  1 

tt.«15 

2.04 

7.01 

1».5!4 

4M.(W 

»2.10 

10.  IW 

lHtt». 

^V.IW  Itt.Ol 

].'i.4»  i.M  I 

ij^      1(».2U  5.45  j 

5i».78 1  nn     I 

:«.H2  a>.ii5 

14.H2  2.10 

IK'     11.  HI  4.0B  . 

4*<.H5  28.21 

IrtJH. 

2\.m  i2.:«) 

i:i7«  2.91  I 

nt; 12.rvS  ,      4.52 


«.(W 

2:1.07 

12.95 

19.77 

4.76 

7.16 

2».78 

50 

25.i:i  I 
2:^90 

21.  »4 
7I>.H7  ; 


1«»1. 

9».2»  2.H4  2:1 4H 

4.98  14.78  11. 2» 

2.(W  ;  5.13  10.65 

27.25  '  2J.75  45. »» 


24.75 


1894. 


1896. 


0.77 

27.04  ! 

21.65 

12.72 

«.«5 

.H4 

7.25 

17.63 

H.U 

20.74 

1 

51.62  ! 

:».60  j 

5.39  I  21.36  ! 
6.11  j  12.45  ' 
9.52  I      6.6:) 


21. (tt  I    40.43 


9.:i9 
10.85 

8.(Nt    : 


20.82 

17.  :c  , 

8.78 


1897. 

13.  «^  I 
5.12  ! 
1.98 


12. 20  j 
6.80 


2t{.40 
10.87 
13.80 


4M.<«       19.73  j    28.:«»       46.92:    21. l«       25.89       .-.1.07 


21.65  : 


7.31 
11.45 
7.64 

26.40 


18H9. 

17.  H2 
12.45 
18.70 

4.3.97  ] 
18tt!. 


19.76.        H.67 
1.50  9.70 

3.47!        7.1» 


20.66 


19.91  1.44 

1.46 1    law 

.28  ,        6.36 


18.78 


1898. 

21.20;  5.81) 

1        j  9.87 

5.19  1  8.61 

27.39  I  23.68 
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RELATION    OF    RAINFALL   TO    RUN-OFF. 


[KO.HO. 


( C^tchmc^nt  area  --^  4,AI0  Hqaare  milra.] 
1H8S.  IHHO. 


\m). 


PeriiMl. 


Rain- 
fall. 


Run-  lEvapo-  Rain-     Run-    Evapo-   Rain-  '  Ban-    Evaiw- 
off.      ration,     fall.        off.    'ration,     fall.        off.     ratioD. 


Storajfe a».4()       17.(16        3.34      17.1U      14.04        3.(15 

Growing? 10.25        2.(B        M.a)      15.(6        4.«       10.79 

R«?pUmiHhinK 13.27        4.53        8.74       KKHl        3.41        7.40 


24.75 
13.50 


rj.2H  I 


12.10        6.81' 


Year  . 


4:J.fl2    ••28.64       20.28    i42.fl«      21.71       21.25    «50.36      28.94' 


5.47 
10.64 
5.9 

a.  41 


1891. 


1892. 


1893. 


StoraK^^ 3r).H9 

Growing 13.49 

Rei)ltfniHhinK 8. 78 

Year 42.98 


Storagi- 2i.:j7 

Growing 8. 7:^ 

Replenishing 1 1 .  87 

Ymr 41.97 


({.59 

4.10 

24.95 

22.50 

2.45 

19.83 

15.20; 

4.6 

2.07 

11.42 

19.12 

6.87 

12.25 

13.;i7 

3.12 

10.8 

1.90 

6.88 

9.80 

3.71 

6.09 

8.98 

3.» 

5.» 

9).  56 

22.40 

5.3.87 

:«.08 

20.79 

42.18 

21.91 

fl).?r 

1894. 


1895. 


1896. 


13. 18 

8.19 

15.79 

11. (i8 

4.11 

22.17  1 

16.52 

S.fl5 

3.20 

5.5:< 

10.87 

i.m 

8.01 

10.25  i 

2.53 

:.« 

2.99 

M.H8 

10.51 

3.42 

7.09 

12.79 

4.58 

8.fl 

19.  :r 

22. «) 

36.67 

17.46 

19.21 

45.21 

23.  (B 

fi.tf 

18H7. 


18BH. 


1899. 


Kt<»rRge. 19.77  I 

Growing 15. 80 

Replenlnhing 1 0.  W 

Yt«r        4(>.51       2(}.19       20.32       48.51       27.12       21.89      35.79       19.54       16.» 


14.00 

5.17  ' 

22.80 

18.61  i 

4.19 

19.48 

15.  L5 

4.33 

7.7!» 

8.01 

13.52 

8.24 

10.28 

7.40' 

1.63 

h.Ti 

3.80 

7.14 

12.19 

5.27 

6.92 

8.91 

2.76 

6.15 

1900. 


1901. 


Storage  21.13 

Growing 12.11 

Replenishing 12.17 


Year . 


45.41 


16.12 

5.01  , 

18.47 

14.84 

3.6» 

2.30 

9.81 

15.  (W 

4.(e 

ll.(ff 

2.25 

9.92 

9.(e 

3 

6.08 

20.67 

24.74 

1 

42.58 

21.86 

31. 72 

'« Approximate. 


PER.] 
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Table  No.  U.—Pequannock  River,  lfi91-liiU9,  inchisive, 
[Catchment  area=63.7  Bquare  xnileB.] 

1>91.  I  1892.  i 


Period. 


kge 

ing 

iniahing  . 


Rain-     Run-    Evapo-   Rain- 
fall,       off.      ration.;    fall. 


1892.  I  1883. 

Run-  'Evapo-;  Rain-     Run- 
off,    .ration,     fall.    '    off. 


26.78  I  17.49 
12.62  2.21 
7.23        2.97 


9.29 
10.31 
4.20 


19.54  I 
12.83  I 
9.17 


18.11 
8.4» 
2.28 


1.43  ' 
9.37  I 
6.94 


24.70  I    23.62 


13.03 
10.72 


2.53 
4.44 


Year 4<i.5:3 


22.67       2:186  |    41.64       23.80  ;    17.74  ,    48.44      30.69  | 
1894.  18a5.  '  1896. 


Evapo- 
I  ration. 

1.08 
10.49 
6.28 

17.85 


2t).2<) 

18.59 

1.70 

19.69  , 

18.08 

1.61 

25.62 

19.29 

6.33 

5.  HI 

2.20 

3.f51 

10.07 

1.66 

8.41 

13.51 

3.47 

10.04 

UiMi 

K.:« 

8 

8.16  I 

i.;ir 

6.79  1 

14.62 

7.18  i 

7.34 

ge 

ing 

•nishing 

Year i'>.i:i      29.12       13.31       37.92  I    21.11  i    16.81       53.66  I    29.94        23.n 


1807. 

ge 21.(15       17.57 

Ing 21.31        8.10 

mishing 9..W        2.83 

Year 51.H(i      28.5) 


1898. 


..4«' 

27.29 

22.74  i 

13.21 

12.24 

2.48  1 

6.67 

13.48 

3.54! 

2:}.  30 

.-xl.Ol 

^•8.76 

4.65 
9.76 
9.94  I 

24.26 


I 


22.29 

12.57  j 
10.96  I 

45.82 


21.95 
1.88 
2.74 


28.57 


0.34 
10.68 
8.22 


19.25 


IRR  80—0:3- 
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RELATION    OF    RAINFALL    TO   RUN-OFF. 


[XO.80. 


Table  No.  12. — Connecticut  River,  187J-1SS5,  inclusive, 
[Catchment  area =10,284  Bqnare  miles.] 


Rain. 

faU.    1 

1872. 

Run- 
off. 

13.30 
6.29 
6.64 

26.23 
1875. 

15. 47 
3.80 
3.60 

22.87 

Erapo-i 
ration. 

1.62 
12.  C7 

5.78 

20.07 

2.04 
10.75 
7.76 

20.55 

1878.  a 

Rain 
fall. 

23.08 
14.87 
7.76 

1874. " 

Run- 
off. 

23.04 
6.62 
2.15 

31.81 
1877. 

12.68 
2.91 
5.27 

Perirnl. 

Rain- 
fall. 

18.16 
10.11 
15.04 

Run- 
fall. 

21.80 
2.71 
5.22 

Evapo- 
ration. 

-  3.64 
7.40 
9.82 

EVRpj  J 

ration 

Storai?  • 

Orowiriiir 

Replenishinjf 

14.92 

18.96 

12.42 

46.30 

^"-^1 

14.&>  i 

11.33 

0 

Year - . 

mm 

22.50 
12.51 
10.57 

29.  n 

13.58 

45.21 

18.09 
14.00 
1.3.08 

4.>.17 

J'S^-i 

Peri.Ki. 

Storatfe 

Growing 

Replenishing 

1876." 

24.74 
3.35 

2.28 

80.87 

-  2.24 
9.16 
8.29 

15.21 

5.41 
HOB 

:.n 

Year 

4:142 

45.58 

20.86 

HM 

Period.   . 

21.88 

ia69 

10.56  j 

46.08 

1878. 

18.02 
3.45 
3.06 

3.86 
10.14 
7.50 

23.19 
16.07 
9.48 

48.74 

1879. 

21.49 
2.92 
2.93 

27.84 

• 

1880. 

Storage  

Growing 

Replenishing 

1.70 
13.15 
Q.55 

21.40 

18.29 
11.82 
11.68 

14.78 
2.45 
2.62 

19.85 

».t7 

8.a 

Year 

24.53 

21.50 

41.69 

fl.W 

Period. 

1881. 

16.02 
2.93 
8.39 

22.34 

4.81 
8.37 
7.99 

21.17 

_-- 

^20. 50 
Ml.  45 
66.50 

1882. 

12.14 
3.35 

2.17 

17.66 
1884. 

20.20 
2. 79 
2.61 

8.86 
8.10 
4.83 

20.79 



1.22 
9.86 
5.90 

fcl2,86 

fciaso 

66.20 
32.55 

18.58 
14.82 
11.76 

1883. 

8.73 
2.51 

... 

12.61 
1885. 

Storagf  : 

Growing 

Replenishing 

20.83 

11.30 

1    11.88 

'    43.51  ! 

Period, 

lafl© 

*-5 

Year 

88.45 

21.42 
12.14 
8.51 

42.07 

19.94 

_  ^- 

Storage 

Growing 

Replenishing .* 

ia63 

8.20 
5.61 

4.1* 

atf 

Year 

25.60 

16.47 

45.16 

22.44 

An 

"Not  im-luded  in  mean. 


f'  Rainfall  computed,  approximate. 
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Table  No.  13. — Mean  or  average  rainfall,  run-off,  and  evaporation  for  storage^ 
growing,  and  repleniathing  periods  for  IS  streavM  of  the  United  States, 


Period. 


Muskingum  River, 
from  1888  to  1895, 
eight  years.  Catch- 
ment area,  5,828 
square  miles. 


Rain. 


18.8  , 


Run- 
off. 


Growing 11.6  i 

Replenishing 9.3 


Year. 


».7 


9.6 

1.7 
1.8 

13.1 


;  Evap- 
i    ora- 
I  tion. 


9.2 
9.9 
7.5 


26.6 


Genesee  River,  from  Croton  River,  from 
1890  to  1898.  nine  1877  to  1899,  twenty- 
years.  Catchment  i  three  years.  Catch- 
area,  1,070  square  :  ment  area,  338.8 
miles.  square  miles. 


Rain: 

Run- 
off. 

10.5 
1.7 
2.0 

Evap- 
ora- 
tion. 

Rain. 

Run- 
off. 

16.8 
2.6 
3.4 

Evap- 
ora- 
tion. 

19.4 
11.6 
9.4 

8.9 
9.8 
7.4 

23.7 
18.6 
12.1 

6.9 
U.O 

8.7 

40.3 

14.2 

26.1  j      49.4 

22.8 

26.6 

Lake  Coehituate,  '  Sudbury  River,  from 
from  1868  to  1900,  1876  to  1900,  twentv- 
thirty -eight  years.  six  years.  Catcn- 
Catcnment  area,  ment  area,  78.2 
18.9  square  miles.  square  miles.a 


Rain. 


8U)rage 23.1  . 

(^rowing 11.6 

Replenishing 12.4 


Run- 
off. 


Evap- 
I    ora-   I  Rain, 
tion. 


14.9! 

8.2 

23.5 

2.1 

9.5 

10.7 

3.3 

9.1  , 

11.9 

Year  . 


I 


47.1        20.3        36.8        46.1 


Run- 
off. 


17.9 
1.7 
3.0 


Evap- 
ora- 
tion. 


22.6 


5.6 
9.0 
8.9 


23.5 


Mystic  Lake,  from 
1878  to  1895,  eighteen 
years.  Catcnment 
area,  26.9  square 
miles. 


Rain. 


22.4 
10.9 
10.8 


Run- 
off. 


15.1 
2.8 
2.6 


44.1 


20,0 


Evap- 
ora- 
tion. 


7.8 

8.6 
8.2 


24.1 


Period. 


Storage 

Growing 

plenishing  . 


Neshaminy  Creek, 
fi'oml884  to  1899,  six- 
teen years.  Catch- 
ment  area,  189.3 
square  miles. 


Perkiomen   Creek, 
froml884tol899,six- 
teen  years.    Catch-  I 
ment   area,    152  \ 
square  miles.  I 


Tohickon  Creek,  from 
1884  to  1898,  fifteen 
years.  Catchment 
area,  102.2  square 
miles. 


Rain. 


Run- 
off. 


Evap- 
,    ora- 
1   tion. 


Rain. 


Year. 


I 


23.1 
13.4 
11.1 

47.6 


17.2 

I 
2.7  I 

3.2  I 


5.9 
10.7  ! 
7.9  1 


1.1        24.5 


23.2 
18.7 
11.1 

48.0 


fl.         ora-      Rain. 
^^-       tion. 


16.7 
8.1 
8.8 


23.6 


6.5 

10.6 

7.8 


24.2 
14.6 
11.3 


24.4!      50.1 
I 


Run- 
off. 


20.5 
3.5 
4.4 


Evap- 
ora- 
tion. 


8.7 
11.1 
6.9 


28.4 


21.7 


Period. 


Hudson  River,  from 
1888  to  1901,  four- 
teen years.  Catch- 
ment area,  4,500 
square  miles. 


Rain. 


Run 
off. 


^^rage 

^»>owlng 

^•plenishing . 


20.6  I 

12.7 

10.9 


16.1 
8.5 
3.7 


Evap- 
ora- 
tion. 


Pequannock     River,  I  Connecticut    River, 
from   1891  to   1809,  '     from   1872    to    1885, 


nine  years.    Catch- 
ment    area,     68.7  ; 
square  miles..  | 


Rain. 


Run- 
off. 


4.5 
9.2 

7.2  '. 


I 


23.0  , 

12.7 

11.1 


19.7 
8.1 
4.0 


Year. 


44.2        23.3        20.9        46.8        26.8 


Evap- 
ora- 
tion. 


eleven  years. (> 
Catchment  area, 
10,284  square  miles. 


off.    I    ^"*- 


Rain. 


3.3 
D.6 
7.1 


18.9 
18.8 
10.3 


20.0        43.0 


tion. 


15.1 

8.8 

3.8 

10.6 

3.6 

6.7 

22.0 

21.0 

a  gee  explanatory  matter. 


t>  Three  years  omitted  from  mean. 
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RELATION    OF   RAINFALL   TO   Rl^N-OFF.  [ko.&) 
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RELATION    OF   RAINFALL   TO   RUN-OFF. 


[XO.80. 


Tablk  Xo.  l."), — LoW'Wnter  periods  on  Genesee  River. 

(ratrhinent  nrt«  at  iK>int  of  io^^uff  ■-•■  1.(171)  nquare  mileH:  abore  proponed  dam  ='  l.fllOMmare 

milee.] 


Month. 


Firnt  i)«ri<Kl.  I 

nrtiMi    Evapora- 
Yj^"^        tion      Net  run- 
^T^^'       from        off.  in 
water       iwhes. 


Second  period. 


I 


Month. 


incrheH. 


Harfa<*e. 


IHM. 

Jane 

July 

AngUBt 

September 

O'tolwr 

Noveml>er 

December 

1«»5. 

January 

Februar>' 

March 

April 

Blay 

June 

July 

August 

September 

October 

November 

December 

IHW. 

January 

Februaiy 

'2.\  mnntliH 


.14 

.98  < 
.44 

.82 
.61  ' 

.06 

.e 

l.»4< 
2.01   ; 

.19 
.13 
.11 
.12 
.10 
.11 
.47 
1.32 

.47 

.91 

i:j.(tt 


per  rrtit. 
.10  0.(6 


.06 
.07 
.(»4 
.(0 
.(« 
.(»! 

.01 

.01 

AH 

.OH 

.(« 

.06 

.05 

.04 

.08 

.08 

.01  i 

.01 

.01 
.01 


1H06. 

1.05     June 

.OK  1   July 

.15  j  August 

.89  .  September. 

.41  I   October 

.H(»     November. 
.HO  ,   December  . 

18»7. 

.65     January  ... 

.21   ,  February.. 

1.92  '   Blarch 

l.»H  I  April 

.13  ,;  May 

.(»7  '  June 

.(«     July 

.(K     August 

.07   '  September. 

.09     October 

-46  I  November. 
1.41     December . 


Grom 
deuth, 

incheH. 


0.39 
.24 
.2r> 
.10 

1.74 


Evapora- 

tM»n       Net  run- 
from     .   off.  in 
water      inches. 

ciurfar.'e.  i 


.46 
.90 

12.37 


19  months 


.79 

.7H 

.79 
2.65 
1.31 

.99 

.44 

.46 

.44 

.18 

.18 

.8r  ! 

.96  ' 


13.88 


Pfr  ren  t. 

(I.(r> 

.06 

.05 

.08 

.(B 
.01 


.01 
.01 

.tie! 

.08' 
.05; 
.06' 

.06; 
.05' 

.04 
.(8 

.oej 

.01' 


0.34 
.18 
.15 
.13 

l.W 

.ao 


.78 
2.0 
l.ff 

.0 

.40 
.39 
.14 
.15 
.96 
M 


.64' 


laM 
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Lake,  hydrogniphy  of 57. 

5H,tf>-61.«7,e9,HH-«).99 

E..  cited 51 

tableH    for    Dlckt»n.s's   and 

s  formula-s.  citation  of afr  27 

n.   -SVt' Negative evaiK>ration. 
River,  hydrography  of.  57. 62,  fl8, 99 

r.rited 27 
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27 
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20 
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computation  of,  diacrepaneies  in 24 

minimum.  chanMrteriHtiirs  of 21-22 
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